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EPA CONTRACT 68-01-6669

July 24, 1986

U.S. Environmental Protection Agency PCS #5137
215 Fremont Street TDD #098604-20
San Francisco, CA 94105 TAT #098607-F-0014

Attention: William E. Lewis, DPO
Subject: Copper Cove Village, Copperopolis, CA
Gentlemen:

Enclosed is the report of the asbestos dust mitigation action
taken in Copper Cove Village, Copperopolis, California.

If you have any questions regarding this summary report, please
do not hesitate to contact this office.

Sincerely,

John King
Technical Assistance Team Leader

/Ll

Garly Fl yd
Technical Assistance Team Member
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cc: NPMO
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1.0 Site Background

1.1 Origin of the Asbestos Problem

Copper Cove Village is located approximately 4 miles southeast of
Copperopolis, California off of O'Byrnes Ferry Road in Calaveras
County, and is depicted on the site location map (Figure 1). The
jurisdictional boundaries of this subdivision lie within the
Rocky Road Maintenance District.

Construction of Copper Cove Village commenced in the mid-1960's
and at that time the aggregate used as roadbed material consisted
of crushed serpentine rock. The rock was excavated from area
quarries which are located in serpentine rock deposits
characteristically known to contain chrysotile. A majority of
these roads ( 16 mi.) constructed in Copper Cove Village remained
unpaved following completion. Studies in recent years have
concluded that airborne asbestos concentrations increase near
unpaved roads constructed of crushed serpentine rock due to a
number of factors including vehicle traffic, silt content of the
road surface, and decreased soil moisture.

1.2 Initial EPA Involvement and Preliminary Assessment

Copperopolis Community Board member Ron Shields, knowing of the
health effects of chrysotile fiber inhalation, namely asbestosis,
mesothelioma, and lung cancer, informed the Environmental
Protection Agency (EPA) Emergency Response Section (ERS) of his
concern that dust emitted from the gravel roads within the
subdivision may contain asbestos fibers. This notification
constituted the initial involvement of EPA with the Copperopolis
site.

On November 18, 1985, Technical Assistance Team (TAT) member
Steve Wolfe traveled to Copperopolis and met with Ron Shields to
discuss the situation. Mr. Shields informed Mr. Wolfe in detail
of the potential problem existing in Copper Cove Village in
conjunction with the existing unpaved serpentine gravel roads.
Mr. Wolfe then conducted a preliminary assessment which included
an effective sampling regime and a representative photographic
documentation.

2.0 Sampling
2.1 Preliminary Assessment Strategy

Anticipating that the most probable areas for generating the
highest amounts of airborne asbestos fibers would be those areas

0QCC4S
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most heavily traveled, TAT menber Wolfe confined the sampling
locations to the major dirt road intersections within the
subdivision (Figure 2). A more thorough sanmpling was not
possible since the assignment was limited to a one-day visit. a
copy of the original PA report is included in Appendix III.
Laboratory analysis of the PA samples revealed concentrations
from 10 to 20 percent chrysotile asbestos, a level which exceeds
the ERS action level of one percent. Unable to identify a
responsible party at the onset, EPA ERS initiated a federal
removal action.

2.2 Initiation of Federal Removal Action/Removal Action Strategy

On Wednesday, April 30, 1986, EPA and TAT arrived in
Copperopolis, CA to initiate immediate response action to
temporarily mitigate the exposure potential of Copper Cove
Village Residents to chrysotile asbestos dust. Representing the
EPA was On-Scene Coordinator (0ST) Dan Shane and TAT member Gary
Floyd. Personnel from the Pacific Strike Team (PST) and Reidel
Environmental Services, Inc. (RES) were also on scene to assist
in the removal action.

The objective of the removal action soil sampling strategy was to
augment the sampling strategy implemented during the PA.
Although the PA sampling provided representative data for the
unpaved gravel roads, more emphasis was needed in the areas with
discontinuous paved roads and selected stone driveways (Figure
3). The sampling locations chosen on the paved roads were those
points where the pavement had deteriorated exposing the gravel
roadbed. Driveways were sampled on account of regquests by the
landowners or because the driveways showed characteristics of
being recently graveled (clean, loose gravel; gravel piles). In
the latter case landowner permission was received prior to
sanmpling. Also, due to the high volume of pedestrian and vehicle
traffic, samples were collected on the Copperopolis Elementary
School grounds (Figure 4). The most heavily traveled areas of the
grounds were sampled based on the PA sampling strategy. These
areas included the parking lot, playground, and schocl access
road.

2.3 sampling Technique

Both grab samples and composite samples were collected during the
sampling process depending on the characteristics of the scil
medium.

Individual grab samples were collected from areas of limited size
(e.g. potholes in pavement) in which the soil compositions
appeared to be homogeneous throughout the sample area. Composite
sanples, on the other hand, were collected from larger areas
(e.g. major intersection, playground) with soils exhibiting
heterogeneous characteristics. The composite samples were
collected to produce a limited number of representative samples.

2 000CS1
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In collecting both the grab and composite bulk samples, a six
inch area of the soil surface was first cleared of vegetation and
debris using a clean garden trowel and the underlying soil was
then removed to a three inch depth. Sample locations were
photographed and sketched, and pertinent sample data was
documented. In the case of collecting a grab samnple, the
excavated soil was placed directly into a clean, numbered sample
(VOA) jar and sealed. For composite samples, the soil from the
first point in the sampling area was placed into a clean
cardboard bucket as were the subsequent samples taken from that
same sample area. Having all the individual samples from the
same area in one bucket, the material was then homogenized by
mixing with the trowel and placed into a clean, numbered sample
jar and sealed. The trowel and bucket were then rinsed clean
using acetone to prepare the instruments for the next sampling.
Collection of surface gravel samples, whether grab or composite
samples, was accomplished in the same manner excluding the
necessity to dig to a three inch depth. Soil sampling was
conducted in Level "C" protective cliothing which included an air
purifying respirator to prevent dust inhalation.

2.4 Field sampling Results

All samples collected from Copper Cove Village road or driveway
surfaces (13 of 17 samples; 17%) revealed laboratory analysis
results of 1% to 50% chrysotile asbestos by volume.

criteria, coupled with the 1abd ysis result
samples (Appendix III) established the critical action level for
removal action.

Laboratory analysis for all samples collected from the
Copperopolis Elementary School grounds revealed asbestos
concentrations of less than one percent by veolume or none
detected. The composite soil sample collected at the Home
Owners' Association Park also revealed no chrysotile asbestos
detected. Finally, one grab sample was taken from Table Mountain
quarry outside of Copperopolis and revealed an asbestos
concentration of 10-20 percent. This sample was collected
randomly for analysis since Table Mountain quarry may be a
potential source of the Copper Cove Village roadbed material,

The primary matrix materials for all soil/gravel samples

collected consisted of clay particles, quartz, and feldspar. A
data summary for all soil samples collected during this project

is provided in Table 1.

000055

000055



3.0 Iaboratory Procedures

3.1 Analytical Techniques
3.1.1 Soil Samples

Optical polarized 1light microscopy, transmission electron
microscopy, scanning electron microscopy, and x-ray diffraction
can be employed to detect asbestos fiber concentrations in air,
water or soil media. All methods are quantitative except x-ray
diffraction which is a qualitative analysis with regard to bulk
samples such as those collected at Copperopolis. Of these
analytical techniques, transminsion electron microscopy (TEM) is
the most discriminating methol and also the most expensive and
time consuming. Accurate detec:ion iimits for TEM depend largely
upon fiber morphology, optic.l properties, and the sanmpling
media. Although analysis by polarized light microscopy does not
provide results to the same quantitative degree (1% by volume)
that TEM does, polarized light microscopy analysis can be
completed in a shorter turnaround time and for a lower cost.

3.1.2 Air samples

Air samples are typically collecteé¢ by drawing a known volume of
air through a sampling cassette containing a cellulose filter.
Fibrous material subsequently accum:ilates on the filter membrane
which is then analyzed by phase-cuatrast microscopy. Phase-
contrast microscopy does not discrininate between fiher types.
Asbestos fibers, wood fibers, cellunlose, and fiberglass are
counted as one fiber type if the fibe. length to width ratio is
three to one or greater. This unbiased Aetection capability must
be considered when interpreting air sampling data obtained by
phase-contrast microscopy. Air samples can also be analyzed by
TEM which again would provide better quantitative data with
respect to fiber type, but would result in a longer turnaround
time and greater expense.

3.2 Rationale for Selected Analytical Techniques

Soil samples collected at Copperopolis were analyzed for asbestous
using polarized light microscopy. This analytical technique was
chosen based on cost, turnaround time, and detection limits.

All except one of the air sampling cassettes were analyzed by
phase-contrast microscopy since a detection 1limit of .001
fiber/cc could be achieved (2000-3000 1 total air volume/filter),
and interfering fibrous material was not characteristic of this
area. Also, a faster turnaround time can be realized at lowver
analytical cos:s when using phase~contrast microscopy. Sample
TAOO1 was the exception to this analytical technique. This
sample was analyzed for asbestos using TEM. This analytical
me2thod was chosen for this particular sample because this
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cassette had purposely been subjected to a test scenario (sec.
5.3.1) which attempted to simulate worst case dust emissions. 1In
this scenario the possibility existed that fibers with an aspect
ratio of less than three to one would be generated due to the
abrasive action of heavy vehicle traffic. TEM was selected based
on the sensitivity and ability of this analytical technique to
detect smaller fibers.

3.3 Quality Assurance/Quality Control (QA/QC)

Maintaining the quality of the sampling regimes, from field
collection to laboratory analysis, was a primary consideration
that ensured reliable data. One blind blank was submitted for
analysis for every ten air samples and fractions of ten. 1In
addition, air samples were collected from upwind control points
during each sampling circuit. All samples collected at
Copperopolis were logged and a strict chain of custody procedure
was followed. The contracted laboratory examined each bulk soil
sample submitted under low magnification to ensure that the
sample was homogeneous and to make a preliminary identification
of fibers present. Next, quantification of those fibers was
obtained through higher magnification (400-450x) and manual
counting. Every tenth soil sanmple was re-analyzed in the
laboratory as an internal QA/QC procedure. This same procedure
was applied to air samples as well. Re-analyzed results were
required show a 95% or greater confidence level to be acceptable.

4.0 Disposal Alternative for Asbestos

ere are three acceptable methods for the disposal of asbestos
according to EPA. Those =x2thods include: 1) excavation and
transportation to an off-gsite landfill, 2) burial in an on-site
landfill, or 3) in-situ capping. Several factors influenced
which method would be most applicable to the Copperopolis site.
As mentioned earlier, the source of the asbestos-laden dust was
approximately 16 miles of unimproved roads constructed using
serpentine rock. Removal of such an excessive volume of roadbed
material (estimated 850,000 cu. yd.) would not only be extremely
expensive and impractical, but the process would increase the
risk of emitting additional asbestos fibers into the air and
prove to be very disruptive to the residents of Copper Cove
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5.0 Immediate Removal Action
5.1 Decision to Apply Chip Seal

The initial plan of action was to apply a lignosulfate coating
to the more than 16 miles of road surface to act as a dust
suppressant and bonding agent. However, after making a
conparison of lignosulfate and chip seal based on initial cost,
ten~-year total cost, annual efficiency of percent chrysotile
controlled, frequency of application, ease of driving, and
adverse environmental impacts (Table 2), O0SC S5hane made the
decision to use PEEID ESAL.

application had to ¥
This preparation involved'}

center crown;: BERXTINE SEINCIRG

extend the full width of" %he'road and to batter accommodate
runoff water, and finally to EBEL ull b L XL TR

the loose aggregate and insure &; surface.

truck preceeded the grading operation and continuocusly saturated
the road surface to reduce dust emissions (the effectiveness of
water application will be discussed in 5.3). After the roadbed
preparation was completed, aWEEBW CuUving 4117 (SC-70) was applied
i, ARt SUPPEessARL. and bonding-agent. At the
owner's request, private driveways received this same treatment.
The last step of Phase I involved the application of a FEBETING
EX-dusty to oiled road surfaces to facilitate drying

!nd to minimize splashing as a result of vehicle traffic.

Contractors involved with this phase of the road preparation and
oil application included: Tri-County Construction {initial
grading, rolling, watering), Reed and Graham (supplied and spread
oil), Triple C (supplied rock dust), Glen Wilson Trucking (hauled
rock dust to site), and Henley (applied rock dust).

After the initial roadbed preparation and oil application phase
was completed, a ten day curing peried fecllowed before the second
and final phase of the removal action commenced.

Fi(May 20 - 22, 1986)

During this phase of the capping process a single layer of WN¥A ]
s o BSpW was applied to 8.6 miles of secondary roadways which
(s projected to remain effective for up to 3 years. A double
layer was applied to 8.1 miles of primary rocadways including the
first one half mile of Cheyenne, the main thoroughfare of the
subdivision, which increased the road surface long:vity and

effectiveness for up to 10 years (Figure 5).
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pE FEirst-invalved.tha-application.of.an.asphalt
arrfonic-enQ] owed by ANSTHEY Epplication-consisting of &
MMMMOWM ‘and-orushed-lave-recka This method
insured better bonding results, a higher quality seal, and
consequently provided maximum asbestos dust suppression. Also
during this phase, culverts were emplaced at the entrance to a
few private driveways at the owners' regquest.

Contractors involved with this phase of the chip sealing
operation included: Bob Harkrader Trucking (hauled lava chips to
site) Don Milner (applied lava chips and rolled road), Ray Fuller
(supplied culverts), and A&L Ready Mix (supplied concrete for
culverts).

5.3 Air Monitoring

Air monitoring for asbestos fibers was conducted concurrently
with all road preparation, and oil application work (Phase I).
EPA Document No. 560-15-85-024 established exposure guidelines
which state that ambient air concentrations of asbestos fibers
which exceed .01 fibers/cc could result in adverse health
effects. Relative to these guidelines, air monitoring was
conducted with the objective of documenting not only generated
levels of asbestos dust exceeding the .01 fibers/cc limit, but
all generated levels. The purpose of continuously wetting the
road surfaces during the removal operation was to reduce or
eliminate airborne asbestos fiber generation. Table 3 summarizes
all air monitoring data for this project. From the table one can
see that asbestos fiber generation was considerably less than .01
fibers/cc. Variable or downwind asbestos concentrations ranged
from was 0.00033 - 0.0015 fibers/cc, while the range for the
control or upwind samples was 0.00033 - <0.00036.

5.3.1 Test Scenario

In conjunction with the continuous air monitoring of the road
work, a test scenario was conducted in order to obtain results
that would simulate the generation of airborne chrysotile
asbestos fibers due to normal to heavy vehicle traffic in Copper
Cove Village. A similar test was first conducted by EPA in 1979
(EPA-450/3-81-006) ."

A 0.3 mile section of Chief Road (Figure 6) was chosen for the
test due to the representative road composition. The fact that
this section of road had been dry for quite some time and that
wind direction was typically perpendicular to the road made the
area ideal. Five air sampling locations were chosen at
equidistant intervals along the entire test section, two of which
were variable (downwind) locations and two were control (upwind)
locations (pump #5 blew a fuse early on in the test). A weather
station was also used to monitor wind direction, wind speed, and
temperature at 30 minute intervals throughout the entire two hour
test.
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Air sampling pumps were calibrated in the field to draw 16.7
liters of air per minute providing a total sample volume of 2004
liters for each pump. This permitted accurate laboratory
analysis by phase-contrast microscopy.

The test involved driving a vehicle at a representative speed (24
mph) and making 80 consecutive passes of the sampling stations.
All vehicle windows and vents remained closed to avoid inhalation
of any generated fibers by the driver. At the end of the test,
all samples were collected and logged under chain of custody.

Samples TA002 through TA005 (blank) were analyzed by phase-
contrast microscopy as menticn-? tarlier, while sample TA001l
was analyzed by TEM to serve as a comparison to the phase-
contrast results (Table 4). All test sample analyses showed
elevated asbestos fiber concentrations when compared to those
collected concurrent with road work. Two of the test samples
exceeded the .01 fibers/cc EPA exposure guidelines which suggest
that driving on unpaved roads in Copper Cove Village could have
posed a health threat, and that watering roads prior to
preparation work significantly aided in reducing airborne
asbestos fibers.

5.4 Weather Monitoring

Monitoring of wind direction, wind speed and temperature was
conducted concurrently with the road preparation and oil
application phase of the project. Monitoring of the prevailing
wind direction assisted in the selection of air sampling station
locations. Weather station data summary is provided in Table 5.
A graphic representation can be found in Table 6.

5.5 Cost Monitoring

Daily cost monitoring was completed on site by PST member G.
Perry with assistance from TAT member G. Floyd using the EPA's
cost monitoring software and a personal computer. Total daily
costs were reviewed and approved by OSC D. Shane, the PST
Commanding Officer, and RES's project manager at the close of
work each day.

6.0 Remedial Action

With removal action completed by the EPA Emergency Response
Section, the project has been turned over to the EPA Enforcement
Response Section for remedial action. This initiative will
involve further identification of potential responsible parties
and possible removal cost recovery.
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Table 5
Weather Station Data
Summary Sheet
Copperopolis, CA

WEATHER STATION INFORMATION

TIME DATE LOCAT ION Wind Speedl Temperaturel Wind Directionf
1038 | 05/03/86/ MCP ~ Copper Cove Dr. <1 mph 60°F Northeast

at Cheyenne wirain .
1246 | 05/03/86/ MCP - Copper Cove Dr. 2 mph 61°F East =

at Cheyenne overcast Southeast
1414 | 05/03/86| MCP - Copper Cove Dr.] 1-2 mph 56°F North -

at Cheyenne w/rain Northeast
1501 | 05/03/86) MCP -~ Copper Cove Dr. 8 mph 55°F North -

at Cheyenne wf/rain Northeast
0758 | 05/05/86] MCP - Copper Cove Dr. <1 mph 53°F North -

at Cheyenne overcast Northeast
1047 | 05/05/86) MCP ~ Copper Cove Dr.| 1-2 mph 59°F North

at Cheyenne overcast
1242 | 05/05/86{ MCP ~ Copper Cove Dr.] <1 mph 67°F North -

at Cheyenne overcast Northeast
1411 | 05/05/86] MCP -~ Copper Cove Dr.] 1-2 mph 72°F North

at Cheyenne 2-6 mph overcast
1500 | 05/05/86] MCP - Copper Cove Dr. 2 mph 69°F North

at Cheyenne
1610 | 05/05/86] MCP — Copper Cove Dr.| 4-6 mph 66°F North

at Cheyenne
1620 USIOSJSBI;CP - Copper Cove Dr.] 0-2 mph 65°F Southwest

at Cheyenne
1735 | 05/05/86{ MCP - Copper Cove Dr.] 1=2 mph 63°F North

at Cheyenne
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Weather Station Data

Table 5 (continued)

Summary Sheet
Copperopolis, CA

WEATHER STATION INFORMATION

TIME DATE LOCATION Wind Speed| Temperaturel Wind Direction|
1849 | 05/05/86{ MCP — Copper Cove Dr.] 1-2 mph 61°F North

at Cheyenne
0852 | 05/06/86/ MCP ~ Copper Cove Dr.] 1-2 mph 49°F North

at Cheyenne
0949 | 05/06/86) MCP — Copper Cove Dr.] 1-2 mph 51°F East

at Cheyenne
1129 | 05/06/86| MCP -~ Copper Cove Dr,] 4-6 mph 58°F North

at Cheyenne
1241 | 05/06/86| MCP - Copper Cove Dr. 14 pmh 63°F North

at Cheyenne
1750 | 05/06/86{ MCP - Copper Cove Dr.] 1-2 mph 60°F North -

at Cheyenne Northeast
1919 | 05/06/86| MCP ~ Copper Cove Dr.] 1-2 mph 55°F North -

at Cheyenne Northwest
0729 | 05/07/86] MCP - Copper Cove Dr. <1 mph 58°F North -

at cheyenne Northeast
0845 | 05/07/86{ MCP —~ Copper Cove Dr.] <1 mph 70°F North -

at Cheyenne Northeast
0933 | 05/07/86] MCP - Copper Cove Dr. 4 mph 74°F North -

at Cheyenne Northeast

Clear

1046 | 05/07/86 MCP ~ Copper Cove Dr. <1 mph 76°F North -

at Cheyenne Northeast

Clear

1235 | 05/07/86 MCP - Copper Cove Dr.] 1-2 mph 80°F North

at Cheyenne Clear
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Table 5 (continued)
Weather Station Data
Surrmary Sheet
Copperopolis, CA

WEATHER STATION INFORMATION
TIME DATE LOCATION Wind SpeeJ TmperaturJWlnd Direction
1605 | 05/07/86] Chief and Chactaw 2-4 mph 86°F Northeast
(test area) Clear
1630 | 05/07/868 Chief and Chactaw 6 mph 82°F Northeast
(test area) Clear
1704 | 05/07/86 Chief and Chactaw 10 mph 80°F East -
(test area) Northeast
Clear
1733 05,‘07!861 Chief and Chactaw 2 mph B4°F Northeast
(test area) Clear
1809 | 05/07/86] Chief and Chactaw 4 mph 78°F North -
(test area) Northeast
Clear
0752 | 05/08/86{ MCP - at Home Owners <1 mph 61°F North -
Association Park Northeast
Clear
1135 | 05/08/86/ MCP - at Home Owners 2 mph 76°F West -
Association Park Northwest
Clear
1201 | 05/08/86] MCP — at Home Owners 4 mph 76°F Northwest
Association Park E Clear
1506 | 05/08/86) MCP - at Home Owners 8 mph 90°F North
Association Park Clear
1521 | 05/08/86{ MCP -~ at Home Owners | 2-4 mph 94°F North
Association Park Clear
1551 | 05/08/86{ MCP - at Home Owners 6-8 mph 95°F North
Association Park Clear
1732 | 05/08/86) MCP = at Home Owners 4-6 mph B7°F North
Assocliation Park Clear
00GC73
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Table 5 (continued)
Weather Station Data

Summary Sheet

Copperopolis, CA

WEATHER STATION INFORMATION

TIME DATE LOCATION Wind SpeeJ TmperatnrJWlnd Direction|
1808 | 05/08/8B6{ MCP - at Home Owners 10 mph 8B°F Nor th
Association Park Clear
0654 | 05/09/86/ MCP ~ at Home Owners <1 mph S0°F North
Association Park Clear
0757 | 05/09/86{ MCP - at Home Owners <1 mph 7J0°F North
Association Park Clear
0839 | 05/09/86{ MCP - at Home Owners 1=2 mph 76°F North
Association Park Clear
0925 | 05/09/86{ MCP -~ at Home Owners <1 mph 80°F North -
Association Park Northeast
Clear
1046 | 05/09/86{ MCP — at Home Owners | 4-6 mph 85°F South
Association Park Clear
1142 ] 05/09/86) MCP -~ at Home Owners | 2-4 mph 85°F South
Associatlon Park Clear
1246 | 05/09/86{ MCP - at Home Owners 1=-2 mph 89°F East -
Assoclation Park Northeast
1401 | 05/09/86) MCP — at Home Owners | 4-6 mph 89°F South -
Association Park Southwest
1711 | 05/09/86{ MCP ~ at Home Owners 1=2 mph 95°F West -
Association Park Southwest
26
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7.0 Summary

After being notified by the Copperopolis Community Board of a
potential asbestos problem existing in Copper Cove Village, the
EPA ERS dispatched TAT to conduct a preliminary assessment (PA)
of the area. Soil samples collected during the PA were gathered
from areas suspected to be the sources of airborne asbestos fiber
generation such as major intersections. Laboratory analysis of
the PA samples revealed concentrations from 10 to 20 percent
chrysotile asbestos, which exceeds the ERS action level of one
percent. :

Unable to identify a responsible party at the onset, EPA ERS
initiated a federal removal action which included additional soil
sampling to substantiate the findings of the PA. Analysis of
this second set of samples revealed asbestos concentrations as
high as 50 percent. The next phase of the removal action
involved road preparation and the application of a single coat of
lava rock chip seal to 8.6 miles of secondary roads, and a double
coat to 8.1 miles of primary roads within Copper Cove Village.
Lignosulfate was originally intended to be used as the capping
material, but comparison of this material to chip seal based on
product longevity, initial cost, maintenance cost, and ease of
drig}ng indicated that chip seal would be the best product for
the job.

Air sampling conducted concurrent with road preparation work
indicated that generation of airborne asbestos fibers did not
exceed the .01 fibers/cc guideline established by EPA. An air
sampling test scenario was also conducted in which a
representative section of unpaved road was subjected to two hours
of continuous vehicle traffic. Air monitoring analysis of the
test indicated that asbestos dust emissions can in fact exceed
the .01 fibers/cc level as a result of driving on unpaved roads
in Copper Cove Village. Daily wind speed direction, and
temperature were monitored to assist in selecting air sampling
station locations.

Daily costs incurred were accounted for on site at the close of
each day using EPA's cost monitoring software and a personal
computer. EPA ERS and TAT work was completed with the
application of the chip seal. The continuing remedial work has
been turned over to EPA's Enforcement Response Section which will
involve further identification of potential responsible parties
and possible removal cost recovery.
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APPENDIX I

Photographic Documentation
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Copper Cove Village Asbestos Site, Copperopolis, CA
PCS #5137 TDD #098604-20
Date: 05/01/86

Photographer: _Gary Floyd
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Copper Cove Village Asbestos Site, Copperopolis, CA
PCS #5137 TDD #098604-20
Photographer: Gary Floyd Date: 05/01/86

N -

EPA OSC Dan Shane informed students at Copperopolis Elementary
School of the health effects associated with asbestos inhalation
and what the EPA was doing about the situation in Copperopolis.

Soil sampling on the Copperopolis Elementary School grounds.
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Copper Cove Village Asbestos Site, Copperopeclis, Ca
PCS #5137 TDD #098604-20
Photographer: Gary Floyd Date: 05/01/86

The freshly graded surface was then compacted using rollers.
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Copper Cove Village Asbestos Site, Copperopolis, CA
PCS #5137 TDD #098604-20
Photographer: Gary Floyd Date: 05/01/86

A site map board was used at the Mobile Command Post (MCP)
to track work progress.
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Copper Cove Village Asbestos Site, Copperopolis, CA
PCS #5137 TDD #098604-20
Photographer: Gary Floyd Date: 05/01/86

b_, ¥ “.;'-';.'n
& " .\f‘if'--i";-k‘
air sampling station.
Sampling was conducted concurrent to road preparation.

I

Upwind (control) air sampling station.
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Copper Cove Village Asbestos Site, Coppercopolis, CA
PCS #5137 TDD #098604-20
Photographer: Gary Floyd Date: 05/01/86

Strict chain of
custody logging
was followed for
all samples.

A weather
station was
used to measure
wind speed,
wind direction,
and temperature.
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Copper Cove Village Asbestos Site, Copperopolis, CA
PCS #5137 TDD #098604-20
Photographer: Gary Floyd Date: 05/01/86
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Recently oiled road prior to the application
of blotting material.
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Copper Cove Village Asbestos Site, Copperopolis, CA
PCS #5137 TDD #098604-20
Photographer: Gary Floyd Date: 05/01/86
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Both personnel and vehicles were decontaminated at the
close of work each day.
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APPENDIX II
Analytical Techniques For Asbestos
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.1 Ai-~ Sample Analvses

Airpcrne particles are initiaily collected on the surface of a
small-pore size filter througn which a known volume of air is drawn.
Asbestos fiber concentrations are then estimated by either phase contrast
microscopy (a special aoplication of the optical microscope) or by electron
microscopy (EM). In general, asbestos “iber concentration data obtaineg
by cne of these two methods canno: be convertez to a concentration
cetermined by the other methoao. In pnase contrast microscopy, a seciion
of a memdrane filter is viewed at 400 magnification, and all particles
wnich have at least a 3:1 length-to-width ratio and a length of 5 um or
greater are counted as asbestos fibers. Fibers smaller than 0.1 um in
diameter are not visible by phase contrast microscopy. Consequently,
identification of smaller size fibers which may be of biological signifi-
cance is precluded. Fiber counting by phase contrast microscopy is based
entirely on particle shape and is not specific for asbestos. This method
is the standard method for measuring asbestos in the workplace. In cases
where all fibers are smaller than 5 pm in length or thinner than 0.1 pm
in diameter, no detectable fiber count will result.

By comparison, electron microscopy permits positive identification
of asbestos fibers that are not observable by phase contrast microscopy.
Chrysotile fibers are relatively easy to distinguish frem other types of
fibers because of their unique tubular structure. Selected area electiron
diffraction (SAED) and energy dispersive X-ray diffraction (EDX) are
often used to substantiate fiber identification. In EM analysis, only a
very small fraction of the filter is viewed at a magnification of 15,000
to 20,000 X. '

When determining asbestos concentrations in airborne particulate
samples by either phase contrast microscopy or EM, visible fiber counts
are used to estimate the total fiber count for the whole filter. The
ic:uracy of the calculated fiber concentration is primarily dependent
upon the representativeness of the fiber population actually counted.

The method of sample preparation and fiber counting strongly influence
the results obtained by EM. EPA developed a provisional methodology in
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nat ootimizec various tecnnigues for aralyzing anc counting a‘roorne
ascestds Tipers by M. Testing of the provisional me<hodology showez inter-
iaccmatory variation in fiber concentration results to be about20 percen:
for samoles collected in an industrial setting and sampies prepared in the
lapcratory.S €
2.2.2 Bulk (Rock) Samcle Analysis

Petrograbhic microscopy is the principal method for examining bu'k
samdles (such as a rock sample). This technigue is relatively straignt-
ferward anc reliable for qualitative igentification and characterizat<on of
crystalline substances, including asbestos.

Quantitative analysis of asbestos in a bulk sample is geterminec by EM,
A small representative portion of rock powder is ground from a bulk samoie
and is uniformly dispersed onto a filter mecdia. A small fraction of the
filter is then viewed at high magnification, and asbestos mass and fiber
concentrations are estimated. Careful consideration must be given to sample
preparation, especially during the grinding phase. Chrysotile is usually
present in microveins that tend to disintegrate into small chunks. These
chunks must be given sufficient grinding time to divide into free fibers.
A methodology for analysis of asbestos in rock samples was published by EPA
in December 1878.7 The methodology is summarized in Appendix B.

L]
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FORMJULA: various . _________FIBER_'E
MoTHZL 1457
H.wW.: various I1SSU=D.  2/715/.
05rl2.: 0.5 asbestos fic:-: iaT apngiee PioveflILl sz’
NIOSH: 0.1 asbestos f/m. [1]; 3 glass fibers (>10 ym x <3.5 ym)/mL [2] fibrous

ACGIH: 0.2 crocidolite; 0.5 amosite; 2 chrysolile and other asbestos, f/mL

SYNONYMS : asbestos (actinolite [CAS I-IQZEB-OO-BI. gruncrite (amosite) [CAS #12172-73.5],
anthophyllite [CAS #17068-18-9], chrysotile [CAS #12001+29-5], crocidolite
[CAs #12001-28-4], trerclite [CAS #14567-73.8]); fibrous glass.

SAM2' ThZ FIASUREMENT
SAMPLER: FILTER TTECHNIQUE: MICROSCOPY, PHASE CONTRAST
{(0.B-1.2 ym cellulose ester ' -
membrane, 25-mm diameter) IANALYTE: fibers (manual count)
' . .
FLOW RAIE®: > 0.5 L/min !SAMPLE PREPARATION: acetone/triacetin method
]
VOL-MIN*: 400 L @ 0.1 fiber/ml !COUNTING RULES: Set A (P&CAM 239 [3,4)) or Set E

<MAX*: 1920 L @ 0.1 fiber/mL
*Adjust for 100 to 1300 fibers/mm? (step 4)

(modified CRS [5])

T T

!EQUIPMENT: 1. phase-contrast microscope

2. Walton-Beckett graticule (100 pm
field diamcter): A Rules use
G-22; B Rules use Type G-24

3. phase-shift test slide (HSE/NPL)

SHIPMENT: routine
SAMPLE STABILITY: indefinite

BLANKS: 10% of samples (minimum 2) [3]

- em v s vE am

'CALIBRATION: phase-shift detection 1imii about
] 3 degrees [7]
ACCURACY H
'RANGE: 100 to 1300 fibers/mm? filter area [6]
RANGE STUDIED: B0 to 100 fibers counted H

SESTIMATED LOD: 7 fibers/mm? filter area

BIAS: see EVALUATION OF METHOD
PRECISION: 0.10 to 0.12 [3]
OVERALL PRECISION (sr): 0.115 to 0.13 [3] (A Rules)

(A Rules)

T T T

APPLICABILITY: The working range is 0.02 fiber/mL (1920-L air sample) to 1.25 fibers/mL (400-L
air sample). The method gives an index of airborne asbestos fibers but may be used

fof other materials such as fibrous glass by inserting suitable parameters into the counting
rules. The method does not differentiate between asbestos and other fibers. Asbestos fibers
less than ca. 0.25 uym diameter will not be detected by this method [7].

INTERFERENCES: Any other airborne fiber may interfere since all particles meeting the counting
criteria are counted. Chain-like particles may appear fibrous. High levels of non-fibrous dust
particles may obscure fibers in the field of view and raise the detection limit.

OTHER METHODS: This method introduces changes for improved sensitivity and reproducibility and
replaces P&CAM 239 [3.,4].

2/15/84 7400-1
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gyseEr METHCD . T4
RIASENTE EQUIPMENT " (:-’
|. Acetone.¥ 1. Sampler: field monitor, 25 mm, three-piece cassette
z. Triacetir (giycerol triacetate;, with 50-mm extension coni witn cellulose ester filte-,
reacsnt Gréti. 0.8 to 1.2-um pore size anc backup pad.
NOTE: Analvze renrescnictiv: filters for fiber
®3ee Speciel bruezaduicnL. backgrounc before use ez ciscard the filter lot if

more than 5 fibers/100 fieias are found.

2. Personal sampling pump, > 0.5 L/min (see step 4 for
flow rate), with flexible connecting tubing.

3. Microscope, phase contrast, with green or blue filter,
8 to 10X eyepiece, and 40 to 45X phase objective (topal
magnification ca. 400X); numerical aperture = 0.65 to
0.75.

z 4, Slides, glass, single-frosted, pre-cleaned, 25 x 15 mm.
5. Cover slips, 25 x 25 mm, no. 1-1/2, unless otherwise

specified by microscope manufacturer.

6. Knife, #10 surgical steel, curved blade. -

1. Tweezers.

B. Flask, Luth-type, insulated neck, 250 to 500 mL (with
single-holed rubber stopper and e'lhou-,;omted glass
tubing, 16 to 22 om long).

9. Hotplate, spark-free, stirring type; heatmg mantle; or
infrared lamp and magnetic stirrer.

10. Syringe, hypodermic, with 22-gauge needle.

* 11, Graticule, Walton-Beckett type with 100 ym diameter

circular field at the specimen plane (area = 0.00785 ;
mm?) (Type G-22 for A Rules; Type G-24 for B Rules). €
Available from Graticules Ltd., Morley Road, Tonbridge
TNS 1RN, Kent, England (Telephone 011-44-732-359061).
NOTE: The graticule is custom-made for each microscope.

Specify disc diameter needed to fit exactly the

ocular of the microscope and the diameter (mm) of

the circular counting area (see step 11).

: 12. HSE/NFL phase contrast test slide, Mark II. Available
from PTIR Optics Ltd., 145 Newton Street, Waltham, MA
02154 (Telephone (617) 891-6000).

13. Telescope, ocular phase-ring centering.

14. Stage micrometer (0.01 mm divisions).

SPECIAL PRECAUTIONS: Acetone is an extremely flammable Viquid and precautions must be taken
not to ignite it. Heating of acetone must be done in a ventilated laboratory fume hood using a
flameless, spark-free heat source.

« SAMPLING:
1. Calibrate each personal sampling pump with a representatwe sampler in line [3].
2. Fasten the sanpler to the worker's lapel as close as possible to the worker's mouth.
Ramove the top cover from the end of the cowl extension (open face) and orient face down.
Wrap the joint between the extender and monitor body with shrink tape to prevent air leaks.

| ¢
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| R0 180 FlBz=.
3. Submit at least two field blanks (or 10% of the tota: sasuicw, whichever is greater) for
~ each set of samwles. kemove the caps from the field biar. cassettes ana store the caps anc
cassettes in a clear area (bag or box) during the sa—~ iir.- r>=10z. Replace the cans in the
cassettes when s&T.l1ing 1s completed.
&. Sarie &t (.5 L/min or greater [B). Do not excesec 1 r 17 ° c_zl lpezing on tho filtc-.
Agjust saThing flow rate, Q (L/min), and time to p-i... « = eonsigy, E
(fibers/mm?), of 100 to 1300 fibers/mm? [3.85 « 10% tc 5 + 1C* fibers per
25-mm filter with effective collection area (A.= 385 mm?)] for optimum counting
precision (see step 21). Calculate the minimum sampling time, tmin (min), at the action
level (one-half the current standard), L (fibers/mL), of the fibrous aerosol being sampled:
- _(At)(E) )
Q) (L)1w0*
5. Remove the field monitor at the end of sampling, replace the plastic top cover and small
end caps, and store the monitor.
6. Ship the samples in a rigid container with sufficient packing material to prevent jostling

or damage.
NOTE: Do not use polystyrene foam in the shipping container because of electrostatlc forces
which may cause fiber loss fram the sampler filter.
-

SAMPLE PREPARATION:
NOTE: The object is to produce samples with a smooth (non-grainy) background in a medium with a

10.

2/15/84 7400-3 ' 000Cyz

refractive index equal to or less than 1.46. The method below collapses the filter for
easier focusing and produces permsnent mounts which are useful for quality control and
interlaboratory comparison. Other .rounting technigues meeting the above criteria may
also be used (e.g., the non-permanent field mounting technique used in P&CAM 239 [1,3,4]).

Ensure that the glass slides and cover slips are free of dust and .ivers.

Place 40 to 60 mL of acetone into a Guth-type flask.” Stopper th. lask with a single-hole

rubber stopper through which a glass tube extends 5 to 8 om intc voe flask. The portion of

the glass tube which exit= the top of the stopper (8 to 10 om) is bent downward in an elbow
which makes an angle of 20 to 30° with the horizontal.

Place the flask on a stirring hotplate or wrap in a heating mantle. Heat the 2-etone

gradually to its boilirg temperature (ca. 58 °C).

CAUTION: The acetone vapor must be generated in a ventilated fume hood away fram all open
flames and spark sources. Alternate heating methods can be used, providing no
open flame or sparks are present.

Mount either the whole sample filter or a wedge cut fram the sample filter on a clean glass

slide.

a. Cut wedges of ca. 251 of the filter area with a curved blade steel surgical knife using

a rccking motion to prevent tearing.

t. Place the filter or wedge, dust side up, on the slide. Static electricity will usually

keep the filter on the slide until it is cleared.

¢. Hold the glass slide supporting the filter approximately 1 to 2 om from the glass tube

port where the acetone vapor is escaping from the heated flask. The acetone vapor
strean should cause a condensation spot on the glass slide ca. 2 to 3 an in diameter.
Move the glass slide gently in the vapor stream. The filter should clear in 2 to 5

sec. If the filter curls, distorts or is otherwise rendered unusable, the vapor stream
is probably not strong enough. Periodically wipe the outlet port with tissue to prevent
Viquid acetone dripping onto the filter.
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Fieir. METHOD: 7207

d. Using the hypodermic syringe with a 22-gauge needle, place 1 to 2 drops of triacetin on (
the filte-. Gently lower a clean 25-mm square cover slip ou»n onto the filter at &
slight anole to recuce the possibility of forming bubbles. If too many bubbles form o-
ths ancunt ©f trieccsin is insufficient, the cover slip mev pecor: O2tached within a fe.
hgang:

e. Glue the edges of the cover slip to the glass slide using a lacquer or nail polish [9].
NOTE: If clearing is slow, the slide preparation may be heated on a hotplate (surface

temperature 50 ®C) for 15 min to hasten clearing. Counting may proceed
immediately after clearing and mounting are completed.
CALIBRATION AND QUALITY CONTROL: )
11. Calibration of the Walton-Beckett graticule. [he diameter, d. (mm), of the circular
counting area and the disc diameter must be specified when ordering the graticule.

a. Insert any available graticule into the eyepiece and focus so that the graticule lines
are sharp and clear,

b. Set the appropriate interpupillary distance and, if applicable, reset the binocular head
adjustment so that the magnification remains constant.

c. Install the 40 to 45X phase objective.

d. Place a stage micrometer on the microscope object stage and focus the nlcmscnpe on the
graduated lines.

e. Measure the magnified grid length, Lo (um), using the stage micrameter.

f. Remove the graticule from the microscope and measure its actual grid length, Ly (mm).
This can best be accomplished by using a stage fitted with verniers.

g. Calculate the circle diameter, d. (mm), for the Walton-Beckett graticule:

Example: If Lg = 108 um, Ly = 2.93 mm and D = 100 pm, then dc = 2.71 mm.

h. Check the field diameter, D(acceptable range 100 ym + 2 pm) with a stage micrometer
upon receipt of the graticule from the manufacturer. Determine field area (mm2).

Microscope adjustments. Follow the manufacturer's instructions and also the following:

a. Adjust the light source for even illumination across the field of view at the condenser
iris.
NOTE: KShler illumination is preferred, where available.

b. Focus on the particulate material to be examined.

c. Make sure that the field iris is in focus, centered on the sample and open only enough
to fully illuminate the field of view.

d. Use the telescope ocular supplied by the manufacturer to ensure that the phase rings
(annular diaphragm and phase-shifting elements) are concentric.

Check the phase-shift detection limit of the microscope periodically.

a. Remove the HSE/NPL phase-contrast test slide from its shipping container and center it

- under the phase objective.
b. Bring the blocks of grooved lines into focus.

NOTE: The slide consists of seven sets of grooves (ca. 20 grooves to each block) in
descending order of visibility from sets 1 to 7. The requirements for asbestos
counting are that the microscope optics must resolve the grooved lines in set 3
corpletely, although they may appear somewhat faint, and that the grooved lines in_
sets 6 and 7 must be invisible. Sets 4 and 5 must be at least partially visible
but may vary slightly in visibility between microscopes. A microscope which fails
to meet these requirements has either too low or too high a resolution to be used

for asbestos counting. <,

2/15/84 2400-4 ¢0GC94
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c. If the image quality deteriorate:, ciean the microscope optics and if the probler
persists, consult the microscopc manufacturer.
1<, C.ality control of fiber counts
&. Prepare ano count field blanks aiong with the field samples. Kkeport the counts on each
bie= . Celculate tne mcz~ of tn: fielc blank counts and sustract this vaiue from eacr
t2-2 1€ COunt betore repomting th: res.iis.
NOTE 1: The igentity of the blank filters should be unknown to the counter until al)
counts have been completed.
NOTE 2: If a field blank yields fiber counts greater than 7 fibers/100 fields, report
possible contamination of the samples. .
b. Perform blind recounts by the same counter on 10% of filters counted (slides relabeled
by a person other than the counter). '
. Use the following test to determine whether a pair of counts on the same filter should be

—
w

- rejected because of possible bias. This statistic estimates the counting repeatability at

the 95% confidence level. Discard the sawple if the difference between the two counts

exceeds 2.77 (F)sp, where F = average of the two fiber counts and s, = relative

standard deviation, which should be derived by each laboratory based on historical in-house

data. 2

NOTE: If a pair of counts is rejected as a result of this test, recount the remaining
samples in the set and test the new counts against the first counts. Discard all
rejected paired counts. -

16. Enroll each new counter in a training course which compares performance of counters on a
variety of samples using this procedure. )
NOTE: To ensure good reproducibility, all laboratories engaged in asbestos counting should

participate in an asbestos proficiency testing program such as the KIOSH Proficiency
Analytical Testing (PAT) Program and routinely participate with other asbestos fiber
counting laboratories in the exchange of field samples to compare performance of
counters.

MEASUREMENT : 7

17. Place the slide on the mechanical stage of the calibrated microscope with the center of the
filter under the objective lens. Focus the microscope on the plane of the filter.

18. Regularly check phase-ring alignment and Kohler illumination [7].

19. Select one of the “~llowing sets of counting rules:

NOTE: The two sets of rules have been demonstrated to produce equivalent mean counts on a
variety of asbestos sample types [5] and must be strictly followed in order to obtain
valid results. No hybridizing of the two sets of rules is permitted. The
calibration of the microscope with the HSE/NPL test slide determines the minimum
detectable fiber diameter (ca. 0.25 um).

a. A Rules (same as PSCAM 239 rules [1,3,4)).

NOTE: The A Rules are required for monitoring asbestos for compliance purposes under
OSHA or NIOSH standards.
1. Count only fibers longer than 5 um. Measure the length of curved fibers along the
- curve.
2. Count only fibers with a length-to-width ratio equal to or greater than 3:1.
. 3. For fibers which cross the boundary of the graticule field, do the following:
a. Count any fiber longer than 5 ym which lies entirely within the graticule area.
b. Count as 1/2 fiber any fiber with only one end lying within the graticule area.
c. Do not count any fiber which crosses the graticule boundary more than once.
d. Reject and do not count all other fibers.

2/15/84 7400-5
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4. Count bundles of fibers as one fiber unless individual fibers can be iacntified b,
observing both ends of a fiber.

5. Count enough graticule fielas to vield 100 fibers. Count a minimus of 22 fielc..
Stop at 100 fielas regardless of fiber count.

L. E Raies
KITZ: The B Rules are preferrec analytically because of their demonsiréter o iiit: to
irprove the reproducibility of fiber counts [5].

1. Count only ends of fibers. * Each fiber must be longer than 5 ym and less than
3 um diameter.

2. Count only ends of fibers with a length-to-width ratio equal to or greater than 5:1.

3. Count each fiber end which falls within the graticule area as one end, provided that
the fiber meets rules b.) and b.2.

4. Count visibly free ends which meet rulet b.1 and b.2 when the fiber appears to be

- attached to another particle, regardless of the size of the other particle.

5. Count the free ends of fibers emanating from large clumps and bundles up to a maximur
-of 10 ends (5 fibers), provided that each segment meets rules b.1 and b.2.

6. Count enough graticule fields to yield 200 ends. Count a minimum of 20 fields. Stop
‘at 100 fields, regardless of the fiber count.

7. Divide the total end count by 2 to yield fiber count. )
NOTE: Split fibers will normally be counted as more than two ends if the free ends

meet the rules b.1. and b.2. -

20. Start counting from one end of the filter and progress along a radial line to the other
end, shift either up or down on the filter and continue in the reverse direction [10]. -
Select fields randomly by looking away from the eyepiece briefly while advancing the
mechanical stage. When an agglomerate covers ca. 1/6 or more of the field of view, reject
the field and select another. Do not report rejected fields in the number of total fields
counted.

NOTE: When counting a field, continuously scan a range of focal planes by moving the fine
focus knob to detect very fine fibers which have become embedded in the filter. The
small-diameter fibers will be very faint but are an important contribution to the
total count.

CALCULATIONS:

21. Calculate and report fiber density on the filter, E (fibers/mm?), by dividing the tota!
fiber count, F, minus the mean field blank count, B, by the number of fields, n, and the
field area, A¢ (0.00785 mm? for a properly calibrated Walton-Beckett graticule):

' F - B), 2
E= %l_'lnﬁ_f} fibers/mm2.
22. Calculate the concentration, C (fibers/mL), of fibers in the air volume sampled, V (L),
using the effective collection area of the filter, A. (385 mm? for a 25-mm filter):
. C= (E) (&CJ, .
v-10° o
= NOTE: Periodically check and adjust the value of A., if necessary.

EVALUATION OF METHOD:
This method is a revision of NIOSH Method P&CAM 239 [1,3,4]. A summary of the revisions is as

follows:

2/15/84 1400-6
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(:: A. Saplin: -

The change from 2 37-mr to a 25-mm filter size was incorporated to improve sensitivity anc
recuce prodlers assoziated with non-uniform fiber io22ing reported on the 37-mn filter:
[1C]. 7Tnz cnenge in flow rates allows for 2 m?® full-shift samples to be taken, provic-nz
tnzt tr2 filier is not overloaosd with noa-fiprous pariiceletcs. The collection effizicncy
cf tne s2wie- is not affected by cnanget in flow ratc & th. range 0.5 to 16 L/min [,
B. Sample Preparation Technique
The acetone vapor-triacetin preparation technique has been incorporated in the method as a
5 faster, more permanent mounting technique than the dimethyl phthalate/diethy] oxalate method
of PACAM 239 [1,3,4,11].
C. Measurement
1. The inclusion of the Walton-Beckett graticule in the method was made to standardize the
fielo area ooserved through the eyepiece [6,17].
- 2. The introduction of the HSE/NPL test slide was made to standardize microscope optics for
sensitivity to fiber diameter [7,11].
3. A recent international collaborative stucy involved 16 laboratories using prepared slides
from the asbestos, cement, milling, mining, textile, and friction material industries
[5). The relative levels of count by different counting rules were:

Number of  Aspect Ratio > 3:1 Aspect Ratio > 5:1

Sample Type _Samples AlIA Mod. CRS* AJA e~ Mod. CRS*

Mining 10 100 121 14 92
Milling 10 100 1Nz B4 95
Asbestos Cement 14 100 146 90 137
Jextile Chrysotile 10 100 109 89 99
Friction Material 10 100 130 87 116
Others (Insulation, Amosite) 6 100 127 92 118

TOTAL: 60 MEAN: 100 125 86 110

*Arithmetic means of counts made by different laboratories relative to the AIA counts.

The modified CRS (NIOSH B) Rules were found to be more precise than the AIA (NIOSH AM*
Rules. The ranges of relative standard deviations (s,.) which varied with sample type
and laboratory were:

Sr
Intralaboratory Interlaboratory Overall
AIA (NIOSH A Rules)* 0.12 to 0.40 0.27 to 0.85 0.46
Modified CRS (NIOSH B Rules) 0.11 to 0.29 0.20 to 0.35 0.25

*Under AIA rules, only fibers having a diameter less than 3 um are counted and
fibers attached to particles larger than 3 pm are not counted. NIOSH A Rules
. are otherwise similar to the AIA rules. .

The B Rules have also been favorably received by analysts as less ambiguous and simpler !
to use; these rules also showed the least bias relative to AIA rules in the |
collaborative study. An independent NIDSH laboratory study using amosite fibers I

reported a relative standard deviation, including within- and between-sample

00CCY7
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FI1Estl METHOD: 7407

variability, of 0.157 for the B Rules [12]. Adding an estimated samling pump error, s,., (
of 0.05 [13] to the within-sample variability in this stuay results in an estimate of
overall precision, s., of 0.102 for the B Rules.

4. Because of past inaccuracies associated with low fiber counts, the minimum loading has
bee” increased t¢ 100 fipers/rm— filter area (80 fibers tcta) count). This level yields
an overall = = (.12, 25 incicated in Figure 3 (revised) of PSCAM 239 [3,4] which
correspongs to a measurement sp = 0.12 after removal of pump error [13]). Similarly, at
the maximum count of 100 fibers, overall s, = 0.115 and measurement s, = 0.10 are
obtained.

D. Evaluation of the method using the A and B counting rules will proceed on a continuing basis
through the NIOSH Proficiency Analytical Testing (PAT) Program. The new PAT reporting ‘form

allows for reporting of results by either set of rules as of January, 1984.
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IDETTIFICATION AND QUANTIFICATION OF ASEESTIFOR:
MINERALS IK BULY INSULATIO SAMPLES b
POLARIZED LIGHT MICROSCOPY,

IRDYSTAT L Fieislis DEVANTEER

Lote: Sirtesbher &, 1%t

SUMMARY OF METHOD

Examination of bulk samples by polarized light microscopy enables the
microscopist to identify the minerals present in the sample and estimate
their percentages. The identification process is based on the morphology

and optical properties of the minerals. The quantification is based on
the area occupied by each of the minerals.

1. Apparatus

1.1 A low power binocular microscope, preferably stereo-
scopic, shall be used to examine the bulk insulation
sample as received.

1.1.1 Microscope: binocular, 10-20X.
1.1.2 Llight Source: incandescent or fluorescent.

1.1.3 Forceps, Dissecting Needles, and Probes

1.1.4 Glassine Paper or Clean Glass Plate: &" x 4".

1.2 Sample preparation apparatus requirements will depend
upon the insulation sample type under consideration.
Various physical and/or chemical means must be employed
for an adequate sample assessment.

1.2.1 Mortar and Pestle: agate or porcelain.

1.2.2 Wiley Mill - Hipgh Speed Cutting Machine

1.2.3 Razor Blade

1.3 Compound microscope requirements: A polarized light
microscope complete with polarizer, analyzer wave plate
retardation port, graduated rotating stage, substage
condenser, lamp, and lamp iris.

1.3.1 Polarized Light Microscope: described above.

1.3.2 Objective Lenses: 10X and 45X or near equivalent.

1.3.3 Objective Lens Dispersion Staining (optional)
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1.3.4 Ocular Lens: 10¥ minimum.

1.3.5 Everiece keticule: sqguared grid-indexecd, 5 .
scale lengti.

1.3.6 Stage Microm:zter

1.3.7 Michel Levy Interference Color Chart (optional)

1.3.8 Microscope Slides

1.3.9 Coverslips: ¥o. 1.0-1.5, 18 mr diameter

1.3.10 Interferometer (optional)

1.3.11 Gypsum Wave Retardation Plate

2. Reagents

2.1 Sample Preparation

2.1.1 10Z HC1 ACS reagent grade

2.2 Analvtical Reagents

2.2.1 Refractive Index Oils: 1.500-1.750 in 0.002-step
. increments.

2.2.2 Refractive Index Oils: high dispersion, 1.550,
1,605, 1.630, 1,680, and 1.700 (optional)

2,2,3 UICC Asbestos Reference Sample Set

2.2.4 Asbestiform Tremolite

2.2.4 Asbestiform Actinolite

2.3 Permanent Slide Standards - a known amount of asbestos
mixed with other consituents.

3. Procedures

3.1 Sampling: Samples for analysis of asbestos content
shall be taken in the manner prescribed in the guidance
document Asbestos-Containing Materials in School
Buildings, EPA No. C00090, part 1. If there are any
questions about the representative nature of the sample,
another sample should be requested before proceeding with
the analysis.
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3.2.1

3:2.2

3.2.3

o

Gross Examination: ©Luile samples of insulation
materials takern icr tne identification an¢
quantification cI zsvesics are first exazined
for homogeneity wiii tue aid of 2 low marnifi-
cation dissectin” TIIr:. come. Ine €OTE rompl.
is carefully rer-- = itHe sEEpliny genisTes
onto a glassine transier paper or clean glass
plate and note is made of the top and bottom
orientation. The sample is examined under low
power magnification for layering. When discrete
strata are ldentified, each is-treated as a
separate material so that fibers are identifiec
and quantitated in that layver and then as a
portion of the whole sample. Subsamples of eazh
material type observed with low power magnifi-
cation from the several layers will be prepared
separately for examination with polarized light
microscopy.

-

Matrix Reduction: When subsamples of the material
types viewed above are not readily obtainable by
simple selection means, a matrix reduction step
must be employed to access the material before
further characterization. The selection of
procedure is dependent upon the samples encountered
and personal preference. A clean mortar and pestle
can be used effectively in size reduction of soft
or loosely bound materials. Periodic checks of

the particle sizes should be made during the grind-
ing operation so as to preserve any fiber bundles
present in an identifiable form. The Wiley Mill
should be used to homogenize fibrous material,
which is usually hard to grind by mortar ~nd pestle.

For positive ddentification of asbestos, it is
expected that results from the following six para-
meters will be within the range of or consistant with
published values (See Flow-Chart).

Morphology - size, shape, aspect ration, etc.
(Table I).

Color and pleochroism (Table I).

Refractive indices (Table I).

Birefringence (Table I).

Extinction characteristics (Table I).

Sign of elongation (Table I).

Certain of the above parmeters may vary with the I
mineral source and the sawple'sprevious history of

treatment, such as acid contact or heating. Heat,
for example, can change the color and refractive

coC101
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index ef =211 the aspestiforr mineral:. When fibers
of ferzicrite or other thermezl decemposition procucts
ci ar-estos are identifiec. this fact shoulé be noted
ciesT.™ T ‘the report with £ yecuest for adéditicne:
Sesile ITer aEnctiier doczrici.. Cenmfirmcrfion feor
positive identification should be performed routineix
by dispersion staining (Table II).

3.2.4. Quantitation of Asbestos Content: Asbestos quanti-
tation may be performed in several different ways,
again according to the sawple tyvpe under examination.
For homogeneous-appearing materials, portions of the
whole sa=ple mav be taken fror the sample mass in ter
different places with a fine forceps. Take pre-
cautions to limit stringing out of additional fibrrous
material in this process. The collection so obtained
is mixed and then spread over multiple slides.

Determination of asbestos content as an areal entity
will be done by systemic scanning of the slides and
comparing them to the permanent slide standards.

Range

The range of the analysis is dependent on the amount of material exam-
ined. Minimal specifications for reporting results are set at 1.0 per-
cent for detection of asbestiform minerals by polarized light microscopy.
Lesser quantities of asbestos in a mixed insulation material sample will
be subject to wider wvariation in reported results because of sampling
variation in an inhomogeneous matrix. TUpper limits are unbounded. There
is no measure of sensitivity presently available,

Interferences

Other fibrou. organic and inorganic constituents may pose a challenge to
identification, separation, and quantitation of the asbestiform mineral
content from nonasbestos materials. Spray-on binder materials may coat
fibers to impart color and change other optically determined parameters
to the extent of masking the fiber identity. TFine particles of other
materials may also adhere to fibers to an extent sufficient to cause
confusion in identification.

Precision and Accuracy

Adequate data for accnrac& and precision measurements are not currently
available.

References
-Optical Mineralogy, John F. Kerr, McGraw Hill, New York, N.Y.

~The Particle Atlas, Edition 2, W. C. McGrone, Ann Arbor Science
Publishers.
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7. hkeTerences (continued

- !Z: bpecizl Publicaticn 5Ic, wWorkshop on Asbestos: Defirnitiensz and
.ozeurenen: Methods., Zéites ©v C. Gravat:z, P.I. LaTleuvr, o= il.7.0.

fanm=net, YIS

- Seliected Silicate Minerals anc Tnzir Asbestiform Varieties, Mineralogi-
cal Definitions, and Identification Characteristics, USBM Information
Circular B751, W. J. Campbell, R. L. Blake, L.L. Brown, E.E. Cather,
and J.J. Sjoberg, 1977.

-Polarized Light Microscopy, W.C. McCrone, L.B. McCrone, and J.G. Delly,
Ann Arbor Science Press, 197E.

- Asbestos-Containing Materials in School Buildings: A Guidance Document,
EPA/OIS Ko. C00090, 197¢.

- Identification of Asbestos Fibers and Other Fibers and Minerals in Bulk
Samples by Polarized Light Microscopy: Training Procedure, Y. Yaffe,
LFE Corp., Envirommental Analysis Laboratories,

- Tentative Method For The Determination of Asbestiform Minerals In Bulk
Insulation Samples By Polarized Light Microscopy. U.S. Envirommental
Protection Agency, Envirommental Monitoring Systems Laboratory, Research
Triangle Park, April 1980.
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. + United States

- Enwironmenta! Protecuion

Agency

ronmental Monnoring Systems
Lesboratory
Research Triangle Park NC 27711

Research and Deveiopmen:

EPA-600/M4-82-020 Dec 1882

Test Viethod

Interim Method for the
Determination of Asbestos in
Bulk Insulation Samples*

1. Polarized Light Microscopy

1.1 Principle and Applicability

Bulk samples of building materisls
taken for asbestos identification are
first examined for homogenaeity and
preliminary fiber identification at low
magnification. Positive identification of
suspect fibers is made by analysis of
subsamples with the polarized hight
microscope.

The principles of o?tiul mineralogy
are well established.'* A light
microscope equipped with two
polarizing filters is used to obsarve
specific optical characteristics of 8
sample. The use of plane polarized-
light aliows the determination of
refractive indices slong specific
crystallographic axes Morphology and
color are also observed. A retardation
plate is placed in the polarized light
path for determination of the sign of
elongation using orthoscopic
illumination. Orientation of the two
filters such that their vibration planes
are perpandicular (crossed polars)
sllows observation of the birefringence
and sxtinction characteristics of
snisotropic particles.

Quantitative analysis involves the
use of point counting. Point counting is
@ standard technique in petrography
for determining the relative aress
occupied by separate minarals in thin
sections of rock. Background
information on the uss of point
counting® and the interpretation of
point count data? is available.

*An interim method is carefully deatied from avail-

able source mformation This method s still under
v 9 and fore is subject 1o .

This method is applicable to ali bulk
samples of friable insulation materials
submined for identification and
quantitation of asbestos components.

1.2 Range

The point counting method may be
used for analysis of samples
containing from O to 100 percent
asbestos. The upper detecuon limit is
100 percent. The lower detection himit
is less than 1 percent.

1.3 interferences

Fibrous organic and inorganic
constituents of bulk sampies may
interfere with the identification and
quantitation of the sasbastos mine. sl
content. Spray-on binder materists
may coat fibers and affect color or
obscure optical characteristics to the
extent of masking fiber identity. Fine

_ particies of other materials may aiso

adhere to fibers to sn extent sufficient
to cause confusion in identification.
Procedures that may be used for the
removal of interferences are presented
in Section 1.7.2.2.

1.4 Precision snd Accuracy
Adequate data for measuring the
accuracy and precision of the method
for samples with various matrices are
not currently svailable. Data obtained
for samples containing a single
asbestos type in a simple matrix are
available in the EPA report Bulk
Sample Analysis for Asbestos Content:
Evaluation of the Tentative Method.*

1.6 Apparstus

1.5.1 Sample Analysis
A low-power binocular microscops,
preferably stereoscopic, is used 10

00¢4i10
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* @xamune the bulk insulstion sample as
recewed
® Microscope binocular, 10-45X
(spproximate)
® Light Source incandescent or
fivorescent
® Forceps. Dissectung Neadies, and
Probes
® Giessine Paper or Ciean Glass
Piate
Compound microscope
requirements. A polarzed light
microscope complete with polerizer,
snalyzer, port for wave reterdation
plate. 360° graduated rotating stage.
substage condenser, lamp,. and lamp
ins
® Polerized Lipht
Microscope described above
Objecuive Lenses. 10X, 20X. and
40X or nesr equivaient
Dispersion Staining Objective Lens
(optional)
Oculer Lens: 10X minimum
Eyepiece Reticle. cross hair or 25
point Chalkley Point Array
Compensator Plate: 550 milli-
micron retardation

71.5.2 Sample Preparation

Sample preparation apparstus
requirements will depend upon the
type of insulation sample under
consideration. Various physical and/or
chemical means may be employed for
an adequate sample assessment.
@ Venlilated Hood or nagative
pressure glove box
Microscope Shdes
Coverslips
Mortar and Pestle: agste or
porcelain (optional)
Wylre Mill (optional)
Beakers & assoried glassware
{opuional)
Centrifuge {optional)
Filtration spperatus (optional)
Low tempersture asher (optional)

1.6 Reapents

1.6.1 Sample Praparation

® Distilled Water (optional)

@ Dilute CH;CO0DH: ACS reagent
grade (optional)

® Dilute HCI: ACS rengent grade

®

{optional)
Sodium metaphosphate (NaPD3)s
{optional)

7.6.2 Analytical Reagents

® Refractive Index Liquids: 1.480-
1.670. 1.680-1.720 in increments
of 0.002 or 0.004

® Relractive Index Ligquids for
Dispersion Staining: high-
dispersion series, 1.550, 1.605,
1.630 (optional)

@ UICC Asbestos Reference Sample
Set: Available from: UICC MRC

-

000111

Pneumoconiosis Unit, Lisndough
Hospnal, Penarth, Giamorgan CF6
1XW, UK, end commarcisl
distributors
® Tremolne-asbestos (source to be
determined)
® Actinolite-asbestos (source to be
determined)
1.7 Procedures
Note: Exposure to airborne asbestos
fibers is @ heahth hazard Bulk samplas
submitted for analysis sre ususlly
friable and may release fibers during
handling or matrix reduction steps. All
semple and slide preparations should
be carried out in & ventilsted hood or
glove box with continuous sirflow
{negative pressure) Handiing of
samples without these precautions
may result in exposure of the analyst
and contamunation of samples by
airborne fibers.
71.7.1 Sampling
Samples for snalysis of ssbestos
content shall be taken in the manner
prescribed in Referance 5 and
information on design of sampling and
snalysis programs may be found in
Referance 6. If there are any questions
sbout the represeniative nature of the
sample, another sample should be
requesied before proceeding with the
snalysis.
71.7.2 Anaslysis

1.7.2.1 Gross Examinstion

Bulk samples of building materials
taken for the identification and
quantitation of asbestos are first
examined for homogeneity 8t low
magnification with the sidof a
stersomicroscope. The core sample
may be examined in its container or
carafully removed from the container
onto 8 giessine transfer paper or clean
giass plate. ¥ possible, note is made of
the orientation of top and bortom
surfaces. When discrete strata are
identified, each is treated as & separate
material so that fibers are first identified
and quentified in that lsyer only, and
then the results for each layer are
combined 1o yield an sstimate of
asbestos content for the whole sample.

1.2.2.2 Sample Praparstion

Bulk materisis submitied for
asbestos snalysis invoive a wide
varisty of matrix materials.
Represeniative subsamples may not be
resdily obtainable by simple means in
heterogeneous materisls, and various
sieps may be required 1o slleviate the
difficultias encountered. In most ceses.
howaever, the best preparation is made
by using forceps to sample at several
places from the bulk material. Forcep
samples are immersed in a refractive

imdex liquid on 8 microscope slide,
2

teased aperi, covered with 8 cover
giass. and observed with the poierized
hight microscope

Ahernatively. Bttempts may be made
to homogenize the sample or eliminate
interferences before further
characterzation. Tha selection of
appropriate procedures 1s dependeant
upon the seamples encountered and
personal preference. The following sre
presented as possible sample
preparation steps.

A mortar and pestle can sometimas
be used in the size reduction of soft or
foossly bound materials,though this
may cause matting of some samples.
Such samples may be reduced in a
Wiley mill. Apparatus should be clean
and sxtreme care exercised to avoid
cross-contamination of samples.
Periodic checks of the particle sizes
should be made during the grinding
operation so 8s to preserve any fibar
bundies present in an identifiable
form. These procedures srs not
recommeandad for samples that contain
amphibole minerals or vermiculite.
Grinding of amphiboles may result in
the separation of fiber bundies or the
production of clesvage fragments that
have aspect ratios greater than 3.1 and
will be classified as asbestos fibers.
Grinding of vermiculite may siso
produce fragments with aspect ratios
greater than 3.1.

Acid trestment may occasionally be
required to eliminaste interferences.
Caicium carbonate, gypsum, snd
bessanite (plaster) are frequently
present in sprayed or trowelied
insulstions. These materisls may be
removed by treatment with warm
dilute acetic acid. Warm dilute
hydrochloric acid may aiso be used 1o
remove the above materials. if acid
treatment is required, wash the
sample at least twice with distilled
water, being careful not to lose the
particulates during decanting steps.
Centrifugetion or filtration of the
suspension will prevent significant
fiber loss The pore size of the filter
should be 0.45 micron or less.
Caution: prolonged acid contact with
the sample may alter the optics!
cheracteristics of chrysotile fibers and
should be avoided.

Coatings and binding materisls
adhering to fiber surfaces may also be
removed by trestment with sodium
metaphosphate.” Add 10 mL of 10g/L
sodium metaphosphate solution 1o 8
small (0.1 to 0.5 mL) sample of bulk
material in & 16-mL glass centrifuge
tube. For approximately 15 seconds
each, stir the mixture on 8 vortex
mixer, place in an ultrasonic bath and
then shaks by hand. Repenat the series.
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* Collect the dispersed solids by
centrifugstion at 1000 rpm for
minutes. Wash the sample three times
by suspending in 10 mL distilied water
and recentnfuging. After washing,
resuspend the peliet in b mL distilied
water, place a drop of the suspension
on a microscope shde, and dry the
shde a1 110°C.

in samplies with 8 lerge portion of
cellulosic or other organic fibers, nt
may be useful 10 ash pan of the
sample and sxamine the residue.
Ashing should be performed in 8 low
temperature asher. Ashing may also
be performed in a muffie furnace at
temperatures of 500°C or lower.
Temperatures cf 550°C or higher will
cause dehydroxylation of the asbestos
minerals, resulting in changes of the
refractive index and other key
paramasters. If a mufile furnace is to be
used, the furnace thermostat should
be checked and calibrated to ensure
that sampies will not be heated at
temperatures greater than 500°C.

Ashing and acid treatment of
samples should not be used as
standard procedures In order to
monitor possibie changes in fiber
characteristics, the material should be
viewesd microscopically before and
sfier any sample preparation
procedure. Use of these procedures on
samples to be used for quantitation
requires 8 correction for percent
weight loss.
1.7.2.3 Fiber Identification

Positive identification of asbestos
requires the determination of the
following optical properties.

Morphology

Color and pleochroism

Retractive indices

Birefringence

Extinction characteristics

$ign of slongation

Table 1-1 lists the sbove properties for
commaercial asbestos fibers. Figure 1-1
presents a flow disgram of the
examination procedure. Natural
variations in the conditions under
which deposits of asbestiform
minerals sre formed will produce
exceptions 1o the published values and
differsnces from the UICC standards.
The sign of elongation is determined by
use of the compensator piste and
crossed polars. Refractive indices may
be determined by the Becke line test.
Ahernatively, dispersion staining may
be used. Inexperienced operators may
find that the dispersion siaining
technique is more sasily learned, and
should consult Reference 8 for
guidance. Central stop dispersion
staining colors are presented in Table

" 1-2. Available high-dispersion (HD)

liquids should be used

1.7.2.4 Quantitation of Asbestos
Content

Asbestos quantitation is performed
by » point-counting procedure. An
oculer reticie {cross-hmir or poimt srray)
is used 1o visuslly superimpose 8 point
or points on the microscope field of
view Record the number of points
positionsd directly above each kind of
particle or fiber of imerest. Score only
points direcily over asbestos fibers or
nonasbestos matrix material. Do not
score ampty points for the closest
particie. If an asbestos fiber and a
matrix particle overiap so that a point
is superimposed on their visus!
intersection, 8 £3i ' ‘7 icored for both
categories. Point counting provides 8
determination of the area percent
ssbestos. Reliable conversion of ares
percent 10 parcent of dry weight is not
currently feasible uniess the specific
gravities and relative volumas of the
materials are known.

For the purpose of this metheod,
“asbestos fibers” are defined as
having an aspact ratio greater than 3:1
and being positively identified as one
of the minarals in Table 1-1.

A total of 400 points superimposed
on either asbestos fibers or
nonasbestos matrix material must be
counted over st isast eight different
preparations of representative
subsamples. Take eight forcep samples
and mount sach separately with the
appropriate refractive index liquid. The
preparation should not be heavily
loaded. The sample should be
uniformly dispersed to svoid
overlapping particies and atiow 25-50
percent empty ares within the fields of
view. Count 50 nonempty points on
each preparation, using either
® A cross-hair reticle and mechanical

stage; or
@ A reticle with 25 points {Chalkley

Point Array) and counting st least 2

randomly selected fields.
For samples with mixtures of isotropic
and snisotropic msaterials present,
viewing the sample with slightly
uncrossed polars or the addition of the
compensator piate to the plane polsrized
light path will sliow simuhaneous
discrimination of both particle types.
Quantitation should be performed at
100X or st the lowest magnification of
the polarized light microscops that can
effectively distinguish the sample
tomponents. Confirmation of the
quantitation resuft by s second analyst
on some percentage of analyzed
samples should be used as standard
quality control procedure.

@s follows.
% asbestos = (a/n) 100%

where

@ = number of asbestos counts.
n = pumber of nonempty points

counted (400).

The percent asbestos is calculsted

H 8 =0, report “No ssbestos

detected "HO <o S 3, repont "<1%
asbestos.”
The value reported should be
rounded to the nearest parcent.
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Tabie 1-1. QOptical properties of asbesr. .. fibers

Minaral Morphology. Raeiractive indices? Sign of

color' a fringence Extinction elongstion

Chrysotile Wavy fibers. Fiber bundies 1.493-1.560 1.517-1.562¢ nto fiber “+
(asbestiform  have splayed ends end “kinks”. .014 length flength glow)
serpenuins)  Aspect ralio typically >70:1

Colorless?, nonplsochroic.

Amosite Straipht. ripid fibers. 1.635-1.696 1.655-1.729*.020-.033 yto fiber +
(ssbastiform Aspect ratio typically >10:7. dength flangth slow)
grunerits) Coloriess to brown, nonpleo- 1.696-1.710)

chroic or weskly so. Opague 3
inclusions may be present.
|

Crocidolite Straight, rigid fibers. 1.654-1.701 1.668-1.717% .014-.016 10 fiber =5
fesbestiform  Thuck fibers and bundies fength flengnh fast)
risbeckne) common, blue to purple-blue in close 1o 1.700)

color. Pleochroic. Birefringence
& penarally masked by blue color.
Anthophylite-  Straight, single fibers. 1.596-1.652 1.615-1676% .019-.024 \\to fiber *
asbestos some larger composite fength {length siow)
fibers. Anthrophylinte clesvage
fragments may be present with
aspect ratios = 10:1.4 Colorless
to light brown.

Tremolite- Tremolite-asbestos may be 1.589-1.668 1.622-1.688% .023-.020 Dblique extinction, <+
actinolite- present as single or composite 10-20° for (length slow]
asbastos fibers Tremolite cleavage fragments.

fragments may be present as Composite fibers
single crystals with aspectratios show ligxtinction.

< 10.1.* Colorless to pale green.

' From referance 5, colors citad are seen by observation * Fibers defined 83 having aspect ratio >3:1.

with plane polarized hght.
2 From references 5 and 8.
3 Fibers subjeciad 10 heating may be brownish.

Table 1-2.  Central stop dispersion steining colors *

S to fiber length.
¢ |l to fiber lengnh.

Mineral R! Liquid 4 n
Chrysotile 1.550"° Bive Biue-magenta
“Amosite” 1.680  Blue-magenia Golden-ysllow
1o pale bilue
1.550"° Yeliow to Yeliow to white
white
Crocidolite®  1.700  Red magents Blue-magents
1.550" vellow to Yeliow to white
. white '
Anthophyliite- 1.605" Blue Gold to
asbestos gold-magenta
Tremolite- 1.605™™ Pale blue Yellow
asbestos
Actinolite- 1.605"° Gold-magenta Gold
asbestos to biue
1.630™™ Magenta Golden-yellow

®from reference S. colors may vary slightly.
*8/ue absorption color.
€Obligue extinction view.

c0C4i13
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S Polarizec light microscopy Qualitalive «. -alysis-For sachtype of material identified by examinstion of sample 8t fow magnifica-
tion Mount spacially digpersed sample in 1.550 Rl liquid (K using dispersion steining. mount in 1.550 HD.) View at 100X with
both plane polsrized kight and crossed polars. More than one fiber type may be prasent.

Fibers Fibers
prasent sbsent
Examine two additionsl prepared shides st 100X
& ¢ ]
< Fibers pressn: Fibers absent
4
Fibers are isotropic (dissppear at all Fibers are arusotropic (exhibit Examination complste.
angles of stage rotation with crossed extinction at S0° intervals of Report no asbestos
polsrs) stege rotation.) prosent. -

Possible fibers include:
Fiberglass:  1-20 ym uniform dismeter.
Ri typically < 1.53

Mineral wool: 8-200 um diamaeter, 1. Determine extinction characteristics
bulbous ends and shot. 2. Determuine sign of elongstion.
Ri typically > 1.53 I
\] 3
Positive Negetive
4
~ Mount in 1.700 R! liquid.
n=1.550 All n’s > 1.550 —————— Mount in 1.680 RI liquid ©e'®mine n.
Determine n. '} —— Chll‘;:o ?arp{mmw for
Check morphology for chrysotile. n=1.680 All n's < 1.680 erocidolite.
I fibers are twisted and exhibit Datermine n. ‘
internal details, cellulose is indicsted Check morphology Mount in 1.605 RI kiquid.

for “amosite”.

Determine n.

Check morphology and

characteristics for anthophyllite-ssbestos,
tremoine-actinolite-ssbesios.

Figure 1-1. Fiow char for qualitative analysis of bulk samples by polarized light microscopy.

: 0CC1i14

000114




' .
:

2. X-Ray Powde; Diffraction

2.1 Principle and Applicability

The principie of X-ray powde-
d:firaction (XRD) analys:s is wall
established '* Any solid, crystaliing
materis! will diffract an impingent
beam of paraliel, monochromatic X-
rays whenever Bragg's Law,

A=2dsind,

is satisfied for a panticular set of
pianes in the crystal latuice, where

A = the X-ray wavelength, A

d = the interplanar spacings of the
set of refiecting lattice planes, A
and

# = the angle of incidence between
the X-ray beam and the refiecting
latiice planes.

By appropriate orientation of a sample
relstive to the incident X-ray baam, 8
diffraction pattern can be generated
that, in most cases, will be uniquely
characteristic of both the chemical
composition and structure of the
crystelliine phases present.

Unlike optical methods of analysis,
however, XRD cannot determine
erysisl morphology. Thereforas, in
asbestos analysis, XRD does not
distinguish between fibrous and
nonfibrous forms of the serpentine and
smphibole minerals (Table 2-1).
However, when used in conjunction
with optical methods such as polarized
light microscopy (PLM), XRD
technigues can provide a reliable
snalytical method for the identification
and characterization of asbestiform
minerals in bulk materials.

For qualitative analysis by XRD
maethods, samples are initially scanned
over limited disgnostic peak regions
for the serpentine (~7.4 A) and
amphibole (8.2-8.5 A) minerals (Table
2-2). Standard slow-scanning methods
for bulk sample analysis may be used
for materials shown by PLM to contain
significant amounts of asbestos (>5-
10 percent). Detection of minor or
trace amounts of asbestos may require
special sample preparation and step-
scanning analysis. All samples that
exhibit diffraction psaks in the
diagnostic regions for asbestiform
minerals are submitted teo s full (5°-
B80° 28 1° 28/min) qualitative XRD
scan, and their diffraction pstierns are
compared with standard reference
powder diffraction patterns?® 1o verify
initial peak assignments and to identify
possible matrix interferences when

subsequent quantitstive analysis will
be performed.

Accurate guantitetive analysis of
asbestos in bulk samples by XRD s
criucally dependent on particle size
distribution, crystallite size, preferred
orientation and matrix sbsorption
effects. and comparability of standard
reference and sampis materiais. The
most intense difiraction peak thet has
been shown to be free from
interference by prior qualitative XRD
snalysis is selected for quantitation of
each asbestiform mineral. A “thin-
layer” method of analysis®® is
recommanded in which, subsequent to
comminution of the bulk materis! 1o
=10 um by suitable cryogenic milling
techniques, an accurately known
amount of the sample is deposited on
@ silver membrane filter. The mass of
asbestiform materisl is determined by
measuring the integrated ares of the
selected diffraction peak using a step-
scanning mode. correcting for matrix
absorption effects. and comparing with
suitable calibration standards.
Ahernative “thick-layer” or bulk
methods,”™® may be used for
semiquantitative analysis.

This XRD method is applicable as a
confirmatory method for identification
and quantitation of asbestos in bulk
materisl samples that have undergons
prior analysis by PLM or other optical
methods.

2.2 Range and Sensitivity

The range of the method has not
been determined.
The sensitivity of the method has
not been determined. It will be
variable and dependent upon many
factors, including matrix effects
(absorption and interferences),
diagnostic reflections sslected,
and their relative intensities.

2.3 LUmRitations

2.3.1 Interferences

Since the fibrous and nonfibrous
forms of the serpentine and amphibols
minerals (Table 2-1) are indistinguish-
sble by XRD techniques unless special
sample preparation techniques and
instrumentation are used.® the
presence of nonasbastiform
serpentines and amphiboles in 8
sample will pose severe interference
problams in the identification and
quentitative snalysis of their asbesti-
form analogs.

The use of XRD for identification sand
quantitation of asbestiform minersis in
bulk samples may siso be limned by
the presence of other inmerfering
materisls in the sample. For naturally
occurning materials the commonly
essocisted asbestos-related mineral!
interferences can usually be
anticipated. However, for fabricated
materials the nature of the interfer-
ences may vary grestly (Table 2-3) snd
present more serious problems in
identification and quantitation.'®
Potentisl interferences are
summarized in Table 2-4 and include
the following:
® Chlorite has major peaks 21 7.19 A

snd 3.58 A that interfere with both

‘the primary (7.36 A) and secondary

(3.86 A) peaks for chrysotile.
Resclution of the primary pesk to
give good quantitative results may
be possible when a step-scanning
mode of operation is employed.

® Halloysite has 8 peak at 3.63 A that
interferes with the secondary (3.66
A) peak for chrysotile.

® Kaeolinite has a major pesk 8t 7.15
A that may interfere with the
primary pesk of chrysotile a1'7.36

when present at concentrations
of >10 percent. However, the
secondary chrysotile pesk at 3.86
A may be used for qusntitation.

® Gypsum has a major pesk st 7.5 A
that overlaps the 7.36 A peak of
chrysotile when present as 8 major
sample constituent. This may be
removed by careful washing with
distilied water, or by heating to
300°C to convert gypsum to plaster
of paris.

@ Celiulose has 8 broad pesk that
partially overlaps the secondary
(3.66 A) chrysotile peak.®

@ Overisp of major disgnostic peaks
of the amphibole asbestios
minerals, amosite. anthophyliite,
crocidolite. and tremolite, 8t
approximstely 8.3 Aand 3.1 A
causas mutual interferance when
these minerals occur in the
presence of one another. in some
instences adequate resolution may
be attained by using step-scanning
methods and/or by decreasing the
collimator slit width at the X-ray
port.

® Coarbonstes may slso interfers with
Quantitative anslysis of the amphi-
bols asbestos minerals, amosite,

00014s
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. snthophyline, crocidolite. and
tremolie Calcium carbonste
(CaCO3) has 8 peak st 3.035 A that
overiaps major amphibole paaks at
spprouimately 3.1 A when present
in concentrations of >5 percent
Removal of carbonstes with 8
dilute acid wash is possible,
however, if present, chrysotile may
be partally dissoived by this
trestment."’

® A major ra/c pask a1 3.12 A inter-
feres with the primary ‘ remolite
pesk st this same position and with
secondary peaks of crocidolite
{3.10 A}. amosite (3.06 A), and
anthophyliite (3.05 A). In the
presence of talc. the major
diagnostic peak at approximately
8.3 A should be used for
quanttation of these asbeastiform
minerals.

The problem of intraspeciss and
matrix interferences is further
sggravated by the variability of the
silicate minaral powdar diffraction
petierns themselves, which often
rhakes definitive identification of the
ssbestos minerals by comparison with
standard reference diffraction patterns
difficuit. This variability resuhts from
sherations in the crystal lattice
sssocisted with differences in =
isomorphous substitution and degres
of erystallinity. This is especially true
for the amphiboles These minerais
exhibit 8 wide variety of very similar
chemical compositions, with the resuh
being that their diffraction patterns are
characterized by having major (110)
reflections of the monoclinic
amphiboles and {210) refiections of the
orthorhombic anthophyilite separated
by less than 0.2 A2

2.3.2 Moatrix Effects

if a copper X-ray source is used, the
presence of iron at high
concentrations in a sample will result
in significant X-ray fluorescence,
leading to loss of peak intensity
with increased background intensity
and an overall decresse in sensitivity.
This situstion may be corrected by
use of an X-ray source other than
copper; however, this is often accom-
panied both by loss of intensity and by
dacreased resolution of closely spaced
reflections. Alternatively, use of a
diffracted besm monochromator will
reduce background fluorescent
radistion. enabling wesker ditfraction
peaks 10 be detected.

X-ray absorption by the sample
matrix will result in oversll sttenuation
of the diffracted beam and may
seriously interfere with quantitative
analysis. Absorption sffects may be

Janimized by using sufficiently “thin™
samples for snalysis *'*'* Howsvaer,
uniess absorption effects are known to
be the same for both samples and
standards. sppropriate corrections
should be made by referencing
diagnostic peak sress to an internal
standard”® or filter substrata (Ag)
peak **

2.3.3 Particle Size Dependence
Because the intensity of diffracted
X-radiation is particle-size dependent,
it is essantial for accurate quantnative

snalysis that both sample and
standard reference materials have
gimiiar particle size distributions. The
optimum particle size (i.e., fiber langth)
vange for quantitetive analysis of
asbestos by XRD has been reported to
be 1 to 10 pm.** Comparebility of
sample and standard reference material
particle size distributions should be
verified by optical microscopy (or
snother suitable method) prior to snalysis.

2.3.4 Preferred Orientation Effects
Preferred orientation of usbestiform
minerals during samples preparation
often poses a serious problem in
quantitative analysis by XRD. A
number of techniques have been
developed for reducing preferred
orientation effects in “thick layer”
samples.”'® For "thin” samples
on membrane filters, the preferred
origntation effects seem to be both
reproducibie and favorable to
enhancement of the principal diagnostic
refisctions of asbestos minerais,
ectually increasing the overall sensitivity
of the method.'3,'* Mowever, further
investigation into preferred orientation
effects in both thin layer and bulk
samples is required.

2.3.5 Lack of Suiltably
Characterized Standard Materials

The problem of obtaining and
characterizing suitable reference
materials for asbestos snalysis is
clearly recognized. NIOSH has recently
directed a major research effort toward
the praparation and characterization of
anatytical reference materiais,
including asbestos standards;"*"’
howaever, these are not availabie in
large quantities for routine analysis.

in addition. the problam of snsuring
the comparsbility of standard
referénce and sample materials,
pearticularly regarding crystallite size,
particle size distribution, and degree of
erysiallinity, has yet to be adequatsly
sddressed. For sxample, Langer st al.™®
have observed that in insulating
matrices, chrysotile tends 1o bresk
open into bundies more frequently
than amphiboles. This results in a line-
brosdening sffect with a resultant

7

[ ]

decrease in sensitivity. Unless thig
efiect 1s the same for both standard
and sample materials, the amount of
chrysotile in the sample will be unger-
estimated by XRD snalysis. To
minimize this problem, it is
fecommended that sisndardized matrix
reduction procedures be used for both
sampis and stendard materiais

2.4 Precision end Accuracy
Precision of the method has not
been determined.
Accuracy of the method has not
been determined. =

2.6 Apperstus .

2.5.1 Samplie Preparation !
Sample prepsration apparstus

requirements will depend upon the

sample type under consideration and

the kind of XRD anslysis 1o be

performed.

@ Mortar and Pastie: Agate or

porceisin

Razor Biades

Sample Mill: SPEX, Inc., freszer

mill or equivalent

Bulk Sarnple Holders

Silver Membrane Filters: 25-mm

diameter, 0.45-ym pore size. Selss

Corp. of America, Flotronics Div.,

1857 Pioneer Road, Huntington

Vailey, PA 18006

Microscope Slides

Vacuum Filtration Apparstus:

Geiman No. 1107 or equivaient,

ond side-arm vacuum fiask

Microbalance

Uhresonic Bath or Probe: Mode!

W140, Ultrasonics, Inc., operated

a1t a power density of approximately

0.1 W/mL. or equivaient

Volumetric Flasks: 1-L volume

Assorted Pipet

Pipet Bulb

Nonserrated Forceps

Polyethylene Wash Bottle

Pyrex Beskers: 50-mL volume

Desiccator

Filter Storage Casseties

Magnetic Stirring Plate and Bars

Porcelsin Crucibles

Muffie Furnace or Low Temprature

Asher

2.5.2 Sample Anslysis

Sample analysis requirements
include an X-ray ditfraction unit,
equipped with:
® Constant Potential Generator:
Voltage and mA Stabilizers
Autornated Diffractometer with
Step-Scanning Mode
Copper Target X-Rey Tube: High
intensity; fine focus, preferably
X-Ray Pulse Height Selector
X-Ray Detector (with high vohage
power supply): Scintillation or
proportional counter
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Monochromator: or Nickel Fier (if
copper source 15 used, and iron
fivorescencs 15 NOt & BETIOUS
probiem)

@ Dasts Output Accessories:

Strip Chart Recorder
Decade Sceler/Timer
Dipits! Printer

® Sample Spinner (optional)

@ Instrument Calibration Relerence
Specimen: g-queru reference
crystal (Arkansas quarnz standsrd,
#1B0-147-D0. Philps Electronics
instruments, Inc., 85 McKee Drive,
Mahwah, NJ 07430) or squivalent

2.6 Reagents

2.6.1 Standard Refsrence Matarials
The reference materials histed below
sre intended to serve as 8 guide Every
sniempt shouid be made to acquire
pure reference materials that are
comparables 1o sample materials being
snalyzed.
@ Chrysotile UICC Canadian, or
NIEHS Plastibest. (UICC reference
materials available from: UICC,
MRC Pneumoconiosis Unit,
Lisndough Hospital, Penarth,
Glamorgan, CFE1XW, UK)
Crocidolite: UICC
“Amosie~: UICC
Anthophyliite-Asbestos: UICC
Tremolite Asbestos: Wards Natural
Science Establishment, Rochester,
NY. Cyprus Ressarch Standard,
Cyprus Research, 2435 Miinary
Ave., Los Angeles, CA 90064
{washed with dilute HCI 10 remove
small amount of calcite impurity),
indian tremolite, Rajasthan State,

o —

“ @ Focusing Graphite Cryste!

india.
@ Actinolite Asbestos: (Source to
be determined).
2.6.2 Adhesive
Tape. petroleum jelty. etc. (for
sttaching silver membrans filters to
sample holders).

2.6.3 Surfactant
1 Parcent asrosol OT squeous
solution or equivaient.

2.6.4 Isopropanol
ACS Reagent Grade.

2.7 Procedure

2.7.1 Sampling

Samples for analysis of asbestos
contant shall be collected as specified
in EPA Guidance Document #C0030,
Asbestos-Containing Materials in
School Buildings.™®

2.7.2 Anaslysis

All samples must be analyzed
initially for asbestos content by PLM.
XRD should be used as an suxilisry
method when a second, independent
analysis il..raquutod.

Note Asbestos is 8 toxic substence.
All handiing of dry materials should be
parformed in an operating fume hood

2.7.2.1 Sample Praparstion

The method of sample prepsration
required for XRD analysis will depend
on. (1) the condition of the sample
received (sample size, homogenaeity,
particie size distribution, snd overall
composition as determined by PLM),
and {2) the type of XRD analysis 1o be
performed (qualitative or quantitative;
thin layer or bulk).

Bulk materisis are ususlly received
#s inhomogensous mixtures of
complex composition with very wide
particie size distributions. Preparation
of 8 homogeneous, representative
sample from asbestos-containing
materials 15 particularly cifficuht
because the fibrous nature of the
asbestos minerals inhibits mechanical
mixing and surring, and because
milling procedures may cause sdverse
iattice alterations.

A discussion o specific matrix
reduction procedures is given beslow.
Complete methods of sample prepars-
tion sre detailed in Sections 2.7.2.2
end 2.7.2.3. Note: All samples should
be examined microscopically before and
after each maltrix reduction step o
monitor changes in sample particle size
distribution, composition, and crystal-
finity. and 1o ensure sample reprasenta-
tiveness and homogeneity for analysis.

2.7.21.1 Milling—Maechanical
milling of asbestos materials has been
shown 10 decrease fiber crystallinity,
with a resuftant decreese in diffraction
intensity of the specimen; the degree
of lattice siteration is related to the
duration snd type of milliny

process. '™ ¥ Therefore, all milling

times should be kept 1o 8 minimum,

For qualitative analysis, particle size
is not usually of critical importance
@nd initial characterization of the
material with 8 minimum of matrix
reduction is often desirable to
documant the composition of the
sample as received Bulk samples of
very large particle size (>2-3 mm)
should be comminuted to =100 sm. A
mortar and pestie can somatimes be
used in size reduction of soft or loosely
bound materials though this may
cause matting of some samples. Such
samples may be reduced by cutting
with a razor blada in 8 mortar, or by
grinding in 8 suitable mill (s.p.. 2
microhammar mill or equivalsnt).
When using 8 mortar for grinding or
cutting, the sample should be
moistened with ethanol, or some other
suitable wetting agent, to minimize
@XpOSUTES.

For accurate. reproducible gusntita-
tive analys:s. theparucie size of both
sample and standard materials should
be reduced 1o ~10 ym (see Secuion
2.3.3). Dry bali milling st hquid
nitrogen temperatures (e.g.. Spex’
Freezer Mill, or equivalent) for a
maximum time of 10 min s
recommanded to obtain satisfactory
parucie size distributions while
protecting the integrity of the crystal
tatuce.® Bulk samples of very large
particle size may require grinding in
twoe stages for full matrix reduction to
<10 m.‘li

Final particle size distributions .
should siways be verified by optical
microscopy or another suitable
method.

2.7.2.1.2. Low temperature ashing—
For materials shown by PLM to contain
Iarge smounts of gypsum, celiulose, or
other organic maierials, il may be
desirable 1o ash the samples prior to
snslysis to reduce background
radistion or matrix interference. Since
chrysotile undergoes dehydroxylation
&t temperaturas between 550°C and
850°C, with subsequent
transformation to forsterite, ™™ gghing
temperatures should be kept below
B00°C. Use of a low temperature
asher is recommaeanded. in all cases,
calibration of the oven is essential to
ensure that » maximum ashing
tempersture of E00°C is not exceeded.

2.7.21.3 Acid leaching—Because of
the interference caused by gypsum
snd some carbonates in the detection
of asbestiform minerals by XRD (see
Section 2.3.1), it may be necessary to

_ remove these interferents by a simple

acid lesching procedure prior to
snatysis (see Section 1.7.2.2}.

2.7.2.2 Qualiitative Anslysis

2.7.2.2.1 Initial screening of bulk
material—Qualitative anslysis should
be performaed on a representative,
homogeneous portion of the sample
with &8 minimum of sample treatment
using the following procedure: :
1. Grind and mix the ssmple with a
mortar and pestle (or equivalent
method, see Section2.7.2.1.1)twoa
final particle size sufficiently small
{~100 pm) to allow adequate
packing into the sample holder.

2. Pack sample into @ standard bulk
sample holder. Care should be
taken to ensure that a represents-
tive portion of the milled sample is
selected for analysis. Particular
care should be taken to avoid
possible size segregation of the
sample. (Note: Use of a back-
packing method® for bulk sample
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.-  ernegntation effects.)

3. Mount the sample on the diffrac-
tomater and scan over the
disgnostc pask regions for the
serpentine (~7.4 A) and amphibole
{8.2-8.5 A} minerais (ses Table
2-2) The X-ray diffraction equip-
ment should be optimized for
intensity A siow scanning spesd
of 12 28/min is recommended for
sdequste resolution. Use of 8
sample spinner is recommended.

4. Submit all samples that exhibit
diffraction paaks in the diagnostic
regions for ssbestiform minerals 1o
@ full qualnative XRD scen (5°-860°
28, 1° 28/min) to verify initial peak
sssignments and to identify
potential matrix interferences
when subsequent quantitative
analysis is to be performed.

5. Compare the sample XRD pattern
with standard reference powder
difiracuion panerns (i.e.. JCPDS
powder diffraction dsta * or those
of other well-characterized
referance materials). Principal
lattice spacings of asbestiform
minerals sre given in Table 2-2;
common constituents of bulk
insulation and wall materials are
listed in Table 2-3.

2.7.2.2.2 Detection of minor or trace
constituents—Routine screening of
bulk matenials by XRD may fail to
detect small concentrations (<5
percent) of asbestos. The limits of
detection will, in genaral, be improved
if matrix absorption efects are mini-
mized, and if the sample particle sizé is
reduced to the optimal 110 10 pm
range, provided that the crystal lattice
is not degraded in the milling process.
Therefora, in those instances ~here
confirmation of the presence of an
asbestiform mineral at very low levels
is required, or whaere a negative result
from initisl screening of the bulk
material by XRD (see Section
2.7.2.2.1) 15 in conflict with previous
PLM results, it may be desirabls 10
prepare the sample as described for
quantitative analysis (ses Section
2.7.2.3} and step-scan over
sppropriste 26 ranges of selected
diagnostic paaks (Table 2-2]. Accurste
transfer of ths sample to the silver
membrane filter is not necessary
unless subsequent gusntitative
analysis is to be performed.

2.7.2.3 Queantitetive Analysis

The proposed method for quantits-
tion of asbestos in bulk samples is a
modification of the NIOSH-
recommended thin-layer method for
chrysotile in air.® A thick-layer or bulk

. prepsrauon may reduce prlfcru! ___1thod involving pelistizing the

sempls may be used for semiquentits-

tive snalysis;™ however, this method

requires the addition of an internal
stendard, use of » specially fabricated
sample press, and relatively large
emounts of standard reference
materials. Addimional research is
required to evaluste the comparability
of thin- and thick-laysr methods for
quantitative ssbestios snalysis.

For quantitstive snalysis by thin-
laysr methods. the foliowing procedure
is recommaended.

1. Mill and size all or & substantial
represeniastive portion of the
sample as outlined in Section
2.7.2.1.1.

Dry st 100°C for 2 hr; cool ina

desiccator.

Waigh accuratesly to the nesrest

0.01 mg

4. Samples shown by PLM 10
contain large amounms of
esliulosic or other organic
materisls, gypsum, or
carbonates, should be submitted
to appropriate matrix reduction
procedures described in Sections
2.7.21.2end 2.7.2.1.3. After
ashing and/or scid trestment,
repaast the drying and weighing
procedures described sbove, and
determine the percent weight
loss. L..

5. Quantitatively transfer an
sccurately weighed smount (50-
100 mg) of the sample to @ 1-L
volumetric flask with approxi-
mately 200 mL isopropsnol to
which 3 to 4 drops of surfactant
have beesn added.

6. Ultrasonicate for 10 minat a
power density of approximately
0.1 W/mL, to disperse the
sample material. .

7. Dilute to volume with
isopropanol.

8. Place flask on 8 magnetic stirring
plate. Stir.

Place 2 silver membrane filter on
the filtration apparatus, apply 8
vacuum, and attach the
reservoir. Release the vacuum
and add several milliliters of
isopropanol! to the reservoir.
Vigorously hand shake the
asbestos suspension and
immediately withdraw an sliquot
from the center of the
suspension so that total sample
weight, Wy, on the filter will be
approximately 1 mg. Do not
adjust the volume in the pipet by
expelling pan of the suspension;
H more than the desired aliquot
is withdrawn, discard the sliquot
and resume the procedure with a

-

10.

11.

12.

13.

14.

clean pipet Transfer the shiquot
to the reservoir. Filter rapidiy
under vacuum. Do not wash the
reservoir walls. Lesve the filte:
apparstus under vacuum unti!
dry. Remove the reservoir,
release the vacuum, and remove
the filter with forceps. (Note
Water-soluble matrix interfer-
onces such 8s gypsum may be
removed &t this lime by carefu!
washing of the filtrste with
distilled water. Extrema care
should be taken not to disturb the
sample.)
Attach the filter to a fist holder
with a suitable sdhesive a :
place on the diffractometer. Use
of a sample spinner 1s
recommended
For each asbestos minera! to be
qQuantnated select a refiection or
rafiections) that has been shown
to be free from interferences by
prior PLM or qualitative XRD
analysis and that can be used
unambiguously 8s an index of
the amount of material present
in the sample (see Table 2-2).
Anaiyze the selected disgnostic
reflection(s) by step scanning in
increments of 0.02° 26 for an
sppropriste fixed time and
integrating the counts A fixed
count scan may be used
ahernatvely; however, the
maethod chosen should be used
consistently for all samples and
standards.) An spproprigte
scanning interval shouid be
selected for sach peak, snd
background corrections made.
For a fixed time scan, measure
the background on-sach side of
the peak for one-half the peak-
scanning time. The net intensity,
L. is the differance between the
pesk integrated count and the
total background count.
Determine the net count, Ly, of
the filter 2.36 A silver peak
following the procedure in step
12. Remove the fitter from the
holder, reverse i, and resttach it
1o the hoider. Determine the net
count for the unattenuated silver
peak, 13, Scan times may be foss
for measurement of silver peaks
than for sample paaks. howevaer,
they shouid be constant
throughout the snalysis.
Normalize sli raw, net intensitiss
{to correct for instrument instabil-
ities) by referencing them to an
external standard (e.g.. the 3.34
A peak of an g-quariz reference
crystal). After sach unknown is
scanned, determine the net

gCCAASs

000118



count. I7, of the reference
specimen following the
procedure in step 12. Determine
the normalized intensities by
dividing the pesk intensities by
P

=gt lp =15, andlt =12

2.8 Calibration

2.8.1 Preparation of Calibration
Srendards

1. Miil and size standerd asbestos
materials according 10 the
procedure outlined in Section
2.7.2.1.1. Equivalent,
standardized matrix reduction
and sizing technigues should be
wused for both standerd and
sample materials

2. Dryst100°C for 2 hr;coolina
desiccator.

3. Prepare two suspensions of esch
standard in isopropanol by
weighing approximstely 10 and
50 mg of the dry materisl to the
nearest 0.01 mg Quantitatively
trensfer sach to » 1-L volumetric
fiask with approximately 200 mL
isopropanol 1o which a few drops
of surfactant have been added.

4. Uhrasonicate for 10 minsta
power density of approximately
0.1 W/mL, to disperse the
ssbestos material.

6. Dilute 1o volume with
isopropanol.

6. Place the flask on a magnetic
stirring piate. Sur.

7. Prepars, in triplicate, 8 series of
at least five standard fiers to
cover the desired analytical
range, using appropriate aliquots
of the 10 and 50 mg/L suspen-
sions. For each standsrd, mount 8
silver membrane fiher on the
filtrstion apparatus. Place a few

mL of isopropanol in the reservoir.

Vigorously hand shake the
ssbestos suspension and immedi-
stely withdraw an sliquot from the
center of the suspension. Do not
adjust the volume in the pipet by
expeliing pan of the suspension;
H more then the desired aliguot is
withdrawn, discard the aliquot
and resume the procedurs with s
clean pipet. Transfer the aliquotto
the reservoir. Kesp the tip of the
pipet near the surface of the
isopropanol. Filter rapidly under
vacuum. Do not wash the sides of
the reservoir. Leave the vacuum
on for a time sufficient to dry the
filter. Release the vacuum and
remove the filter with forceps.

2.8.2 Analysis of Calibration

Standards

Mount each filter on a flat
hoider. Perform step scans on
selected diagnostic refiections of
the standards and reference
specimen using the procedure
outiined in Section 2.7.2.3. step
12, and the same conditions as
those used for the samples

2. Determine the normaiized
imensity for sach peak
messured, [%. 85 outlined in
Bection 2.7.2.3, step 14.

2.9 Calculations

For sach asbesios reference
material, calculate the exact weight
deposited on sach standard filter from
the concentrations of the standard
suspensions and aliquot volumes.
Record the weight, w, of each
standard. Prepare a calibration curve
by regressing las on w. Poor
reproducibility (15 percent RSD) st
any given level indicates problems in
the sample preparation technique, snd
a need for new standards. The data
should fit a straight line equation.

Determing the siope, m, of the
calibration curve in
counts/microgram. The intercept, b, of
the line with the 12, exis should
be approximately zero. A large
negative intercept indicates an error in
determining the background. This may
arise from incorrectly measuring the
baseline or from interference by
another phase a1 the angle of back-
ground measurement. A large positive
intercept indicates an error in
determining the baseline or that an
impurity is included in the measured
peak.

Using the normalized intensity, L,
for the antenuated silver peak of &
sample, and the corresponding
normalized intensity from the unattenu-
sted silver pask, 1%, of the sample
filter, calculate the transmittance, T,
for sach sample as follows:™"

'l-ﬁ: L
Determine the correction factor, f(T),
for each sample according to the
formula: e
= n
mS

.tﬂﬂ.n
sin

#xg = angular position of the measured

silver peak (from Bragg’s Law), and,

€. = snguler position of the disgnostic
ssbestos peak.

Calculste the weight, W, in
micrograms, of the asbestos material
snalyzed for 1n each sample, using the
appropriste calibration dats and
absorption corrections:

Weslfin-b
m

Csicuiate the percent composition,
P,. of sach asbestos minera! analyzed
for in the parent material, from the
total sample weight, Wy, on the filter:

P, =Ws (1-01 I.)'l 100

lw'l'
where

P, = percent asbestos minersl in
parent material,
Ws. = mass of asbestios mineral on
filter, in pg;’
Wi = total sample weight on filter, in

o

L = percent weight loss of parent
material on ashing and/or acid
treatment (see Section 2.7.2.3).
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Table 2-4. interferences i XRD enalys:s
of asbestiorm munerals

. 'Y

Table 2-3.

b,

Common constituents in insulstion and
wall materials (from Rel. 10)

Prmary disgnostc

B Spray finishes or paints Asbastifors peeks (apor -

A Insulstion maeterials

munera! o-specings in A) Interference
Chrysotle Bassanite Se
e o . rpentine
Amosie Carbonate minerals (calcite, Chrysotile 7.4 Nonassbestiform ser-
Crocidointe dolomite, vaterite) pentines (antigorite,
*Rock wool Talc &zardite) 9 -
*Siag woo! Tremolite Chiorte
*Fiber glass Anthophyline Keolinite
Gypsum (CaS0O. - 2H;0) Serpentine (including ehrysotile) Sspsam
Vermiculite (micas) “Amosite®
*Perite Crocidolite 37 Nonasbestiform gerp- «
Clays kaolin) *Mineral woo! entines, (antigorite,
*Wood pulp *Rock woo! lizerdite) !
*Paper libers (talc. clay. *Siag wool 3
carbonate fillers) *Fiber glass 5:?; ":ue
Calcrum silicates (synthetc) Ciays (kao/in) Ce ”UL“
Opagues (chromite, magnetite Micas
inclusions in serpenting) Chlorite Amphibole
Hematne (inclusions in Gypsum (CaS04+2H;0) “Amosite” 31 Nonasbestiform amphi.
“amosite”) Quartz Anthophyline boles (cummingtonite-
Magnesie *Organic binders and thickeners  Crocidoljte grunerne. anthophyline,
*Diatomaceous esrth Hydromagnesite Tremoine riebeckne. tremolnte)
Wollastonite Mutual interferences
Opaques (chromite. magnetite Cerbonates
inclusions in serpentine) Taic
Hematite inclusions in 83 Nonasbestiform
amosite”) amphiboles (cumming-
: . ] fonite, grunerite,
*Amorphous materials--contribute only to overal/ scatiered ' radiauion anthophyilite, reibeckite.
and increased background radiation. tremolite)
Mutusl interferences
United States Center for Environmenta! Research
Environmentsl Protection informanon
Agency Cincinnau OH 45268
Official Business
Penaity for Private Use 8300
- -
. o . ® US OOVERNMENT PRENTING OFFICE. 1854780 - 92 /801
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' = SOt TR TR ¢
g }\. , S ¥ Lo i Suize 420, 120 Hov zod Strect, San Francisce, CA 941052 (415)

THOT AT ASSISTANCE TEAM FOZ PAURGINCY EVALOLSH PLAOVAL AND PREVENTION
FES CON 10T 65-0)-6'47

December 3, 1955

U.S. Environmszntal Protection Ageasy PCSi## 5033
215 Frewmont Street TDD# 098511-11
Sza Francisco, CA 94105 TAT# 098512-F-00202

Attention: P.T. Brubaker
Suhject: Copp=ropolis
Gozntlenzn:

Absut 20 years ago fill dirt frou the Calaveras Asbestos Mine was
imported to the town of Copperopolis, CA to provide road bed
material for a newly constructed developmsnt. No "clean" so0il
was mixed with the asbestos tailings, probably since asbestos-
related h2alth problems are a relatively receat discovery. The
owner of the mine 20 years ago, Mr. H.K. Porter (he is not the
present owner), mnov reportedly works in Pittsburgh, PA for the
H.K. Porter Company.

Ro: Shi2lds, a represzatstive of the Cop ~ropulis  Covmeaity
Bozil, aliried the EPA's Ezsrgeazs Ra2rpon-2 Section (ERS) to the
asbzstcs problza. r a rezult of t.is, Tschnical Assistance Tea
(TAT) menmber Steve Wolfe visited thz site and was informed of the
problem, in detail, by Ran Shields. Upon arrival at the site, it
was daterminad that zopromiziiziy 16 pilze of dirt roads exist
within the community. Adegucte soil’ sewmple coverage from only a

one-day wvisit was thus obricusly a problem. In order to
circumvent this dilemma, a plan was designed that would include
sampling the most heavily travelled roads (which therefore
generate the most airborne asbestos fibers) coupled with the
arsas cont2iniar the heaviest prorlation.  For the most part,
intsrsectisons of th. dirt roasls b::t fit thasz criteria.

A total of 29 s.rfa - soil samplas wzre gcthered. The locations
ar: dasignatsd or o ma2p which has be:: farwarded to Dan Shanz,
(On-S:zeac-Cooriln .u.). All of the sanpl:- wzre taken from road
surfaces except nuab:rs onz and 13.  Nuabar ons wss taken from a
¢ ia pipe. T sv:- from this pi-: dr-i- "-t¢ a small stream

LR - : i : :2.ze of drinking

T gz TR i - -

: gr wad ok .lro:en tll zathered from a

P w2 35 %7 8 7.11 soil from the

L S - - *. This plant

. e L. . . izt whiich tTe

¢ .rlty has vs:d [Hr o sirizt, ol ; -, @ - lor sbout th> past
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Th> laboretory resulis for th: samples (parfomad by EAL
Cerporation) are a3 follows: ;

Sanple 1-25: 10-20% chrysotile asbestos. The matrix
material consists primarily of eclay minerals,
quartz, and sone calcite.

Th~ a
ca s

anying photographs prescnt an overall wview of the
s well as a closer look at som= of the sampled areas.

i

ty
If yo have any further questions regarding this matter please do
not hesitate to contact ma.

Respzctfully subnmitted

Stevin P. Wolfe
Technicz] Assistancze Team Member

00124
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APPENDIX IV

Laboratory Analysis Reports

" 0CC125
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Thermo Electron
EAL Corporation

2030 Wright Avenue
Richmond Calforria 94804

415 235-2633 s
(TVWx 910-382-8132 ANALYSIS BLPORT

RIEDEL ENVIRONMENTAL DATE: 5-12-86

SERVICES Samples Received: 5-2-86
230 CUTTING BLVD. EAL W.0. No. 17994-0
RICHMOND,CA 94802 Project Name: Copperopolis, CA
SAMPLE IDENTIFICATION ASBESTO0S OTHER COMPONENTS
EAL CUSTOMER % TYPE % TYPE
2720-95-1 S001 30-40 chrysotile 60-70 antigorite

2720-95-2

2720-85-3

2720-95-4

2720-85-5

2720-95-6

2720-95-7

clay particles
misc. particles

5002 ¢1 chrysotile 99+ quartz

S003 {1 none detected 100

5004 (1 chrysotile 99+
5005 30-40 chrysotile 60-70
5006 5-10 chrysotile 90-95
5007 40-50 chrysotile 50-60

feldspar
clay particles
fe-oxide
misc. particles

quartz

feldspar

clay particles
fe-oxide

misc. particles

guartz

feldspar

clay particles
fe-oxide

misc. particles

antigorite

clay particles
feldspar

misc. particles

quartz

feldspar
fe-oxide

clay particles
antigorite
misc. particles

antigorite
clay particles
misc. particles

000126
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e Thermo Electron
FE eal Corporation

2030 Wright Avenue
Richmond Cabforria 94804
(415. 235-2632

(MWX: 916-382-8132

Report to: RIEDEL ENVIRONMENTAL

SAMPLE IDENTIFICATION ASBESTOS OTHER COMPONENTS
EAL CUSTOMER % TYPE % TYPE

2720-95-8 5008 30-40 chrysotile 60-70 quartz
feldspar
antigorite
misc. particles

2720-95-9 S009 30-40 chrysotile 60-70 quartz
feldspar
antigorite
misc. particles

2720-95-10 50010 40-50 chrysotile 50-60 quartz
feldspar
antigorite
misc. particles

2720-95-11 50011 20-30 chrysotile 70-80 gquartz
feldapr
antigorite
misc. particles

2720-95-12 S0012 (1 none detected 100 guartz
feldspar
clay particles
misc. particles

Analysis by polarized light microscopy

>~

-

\\ - _ I
Jesse E. Fisher
Program Manager

EAL Corporation laboratories are Accredited by the American Industrial
Hygiene Association; approved by the State of California for complete Q00427
chemical, radiological, bacteriological, and biocassay analyses.
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> Thermo Electron
Fz,_ EAL Corporation

Report to: RIEDEL ENVIRONMENTAL

EMZLE IDZNTIFICATION ASEZZTOS OTHER COMPCNERTS
EAL CUSTOMER % TYFE % TYPE

2720-95-8 ScoB 30-40 ~hrysotile 60-70 quart:z
feldspar
-antigorite
misc. particles

2720-95-9 sS009 30-40 chrysotile 60-70 quartz
feldspar
antigorite
misc. particles

2720-95-10 £¢010 , 40-50 chrysotile 50-60 guartz
feldspar
antigorite
misc. particles

2720-95-11 S0011 20-30 chrysotile 70-80 quartz
’ feldapr
antigorite
misc. particles

2720-95-12 SC¢C12 {1 none detected 100 quartz
feldspar
clay particles
misc. particles

2720-96-11 S015 40-50 chrysotile 50-60 antigorite
Analysis by polarized light microscopy clay particles
feldspar

misc. particle:s

N - .
\ s ;-

Jesse E. Fisher

Program Manager

ErT Corpcration laboratories are Accredited by the American Industrial
Hvciene Associatiorn:; approved by the State of California for complete
cherizali, racioclogical, bactericlogical, and bicassay analyses. Q00i2E
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RECEIVED
| 4Y v 196D

>, Thermo Electron
V£ EAL Corporation Fal s 1

2030 Wnight Avenue
Richmond. Caiforma 94804 o 5
(TWX) 910-362-8132
RIEDEL ENV1IRONMENTAL DATE: 5-22-%4
SERVICES Samples Received: 5-1t-86
230 CUTTING BLVL, EAL W.0. Nc. 1795i1-¢
EZ7HMONIZ:,CA 94802 Jok No. COQfFIZSOPOLIS
SAVELE IDLLC_FICATION RSBESTGE OTHER COMPCONENIS
ErL CUSTOM=R % IVDE % TYEE
2 20-99-] SGia 17-20 chrysctile B0-9C antigwrite
lizardite
clav varticles
felcspar
guartz
misc. particles
2RI SQE S b £-10 ckrysctile $0-9% antigoriiz
licardite
clay rarticles
felisgar
guarsz
iron cxid<ss
misc. particles
2720-59-3 co2i 3-% chrvsotiie QLr-97 arnticorite
lizardite

clay particles
feidsgar
guartz

misc. particlec

Aralysis by polarized light microscory

Results were rerorted to Dan Shane on 5/21/86

=

o
Jesse E. Fisher
Program Manager

EAL Cecrzoration laboratories are Accreditcd by the American Industrial
vyaiens Asscciation; apyroved by the State of Calzforn;a for urﬁlet=

Pk ST e | S~ T - e mbmwS AT -l —-. ¥ mwmd bd e - o O b
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- Thermo Electron _ JU g e
£ EAL Corporation T4p 66

2030 Wright Avenue
Richmong Calfornia 94804

(4'5. 235-2633 ANALYS1S REPORT
(TWx: 910-382-.1132

RIEDEL ENVIRONMENTAL DATE: 6-3-86
SERVICES Samples Received: 6-2-86

230 CUTTING BLVL. EAL W.0. No. 17994-0

RICHMOND,CE 94B02 Project: COPPEROPOLIS

SAMF'LE IDENTIFICATICN ASEBESTOS OTHER COMPONENTS

ErL CUCTOMER % TYPE % TYFE

27z¢-101-1 95C22232 10-20 chrysotile 80-90 magnetite

S022 antigorite

misc. particles

Analycic ry polarized light micrcscopy

|

Jesse E. Fisher
Program Manager

EAL Corporation laboratories are Accredited by the American Industrial

Hygiene Association; approved by the State of California for complete (GUOOC13C

chemical, radiological, bacteriological, and bioassay analyses.
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Thermo Electron
'E EAL Corporation

2030 Wright Avenue
Richmond Cahformia 94804

4751 235-2633
{TWX) 910-382-8132 ANALYSIS REPORT

RIEDEL ENVIRONMENTAL DATE: 5-14-B6
SERVICES Samples Received: 5-B-86

230 CUTTING BLVD. EAL W.0. No. 17994-0

RICHMOND,CA 94B02 Purchase Order No.

ATTN: GARY FLOYD
SEMPLE IDENTIFICATION ASBESTOS FIBER COUNT VOLUME
EAL CUSTQMER fibers/filter fibers/cc (liter)
2720-96-1 A001-CONTROL SE SIDE <1100. éd ;'.- i ainl
2720-96-2 A002-CONTROL NW SIDE <1100. - Te- --
2720-96-3 A003 <1100. <0.00036 3000.
2720-96-4 A004 <1100. <0.00036 3000.
2720-96-5 AQ0S <1100. <0.00052 2070.
2720-96-6 AO0O6 <1100. (0.00036 3000.
2720-96-7 A0O7 <1100. <0.00036 3000.
2720-96-8B AOO8 ¢(1100. ¢0.00036 300¢C.
2720-96-9 A009 {1100. {0.00036 3000.
2720-96-10 RO10 ¢1100. <0.00036 3000.
Analysis by phase contrast microscopy per NIOSH P&CAM 239
SAMPLE IDENTIFICATION ASBESTOS OTHER COMPONENTS
ERL CUSTOMER % TYPE % TYPE
2720-96-11 5015 40-50 chrysotile 50-60 antigorite

clay particles
feldspar

misc. particles

% Er -th;x
esse E. is
RECEIVED Program Ha:aggzr.

-----

Analysis by polarized light microscopy

EAL Corporation laboratories are Accredited by the American Industrial
Hygiene Association; approved by the State of California for complete

chemical, radiological, bacteriological, and bioassay analyses. 0@@131
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= Thermo Electron
' : EAL Corporation

2030 Wright Avenue
Richmond. Calforria 94804

1415} 235-2633 ANALYSIS REPORT
(TWX) 910-382-8132

RIEDEL ENVIRONMENTAL DATE: 5-16-B6
SERVICES Samples Received: 5-12-86
230 CUTTING BLVD. EAL W.0. No. 17994-0
RICHMOND,CA 94802 Project: COPPERQPOLIS
SAMPLE IDENTIFICATION ASEESTO0S FIBER COUNT VOLUME
EAL CUSTQOMER fibers,/filter fibers/cc (liter)
2720-97-1 A01l <1000. <0.00034 3000.
2720-97-2 AQ0l12 . €1000. <0.00034 3000.
2720-97-3 A013 <1000. <0.00034 3000.
2720-97-4 A0l14 <1000. <0.00034 . 3000.
2720-97-5 A015 <1000. <0.00034 3000.
2720-97-6 TAQO2 18000. 0.0090 2004,
2720-97-7 TAQO03 2000. 0.0010 2004.
2720-97-8 TA004 . 35000. 0.017 2004.
2720-97-9 TAO00S <1000. <0.00050 2004.
2720-97-10 AO0l6 4500. 0.0015 3000.
2720-97-11 A017 ¢1000. ¢0.00034 3000.
2720-97-12 AQ18 2000. 0.00067 3000.
2720-97-13 AO19 1000. 0.00033 3000.
2720-97-14 A020 1000. 0.00033 3000,
2720-97-15 A021 1000. 0.00033 3000.
2720-97-16 A022 1000. 0.00033 3000.

Analysis by phase contrast microscopy per NIOSH P&CAM 239

Jesse E. Fisher
Proagram Manager

EAL Corporation laboratories are Accredited by the American Industrial
Hygiene Association; approved by the State of California for {:t:unpl@ﬁe0 2
chemical, radiclogical, bacteriological, and bioassay analyses. GOC 13
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Med-Tox Associates, Inc. 1229 Morena Blvd San Diego, CA 92110 (619) 276-8843

TEM QUANTITATIVE ANALYSIS
(AIR)

ROY F. WESTON, INC.
120 HOWARD ST.,5.420 SAN FRANCISCO,CA 415-543-5099
BARY A, FLOYD

Job Number : 5112
Sample Number : TAD04

MT Number : 10463

Date ¢ JUNE 23,1986

Description : COPPEROPOLIS, CA

Total Area Scanned :  23940.0 sq um
Magnification : 20000 x

Area of Original Filter : 8.55 sq cm

Area Ashed : 4.2B sq cm
Dilution Factor :  1.00

Area of Membrane : 2.0l sgm
Volume of Air s 2.004 cubic meter
Total number of structs : 118

Detection Limit : B349.4 fibers/cu meter (1 fiber)

Reliable Detection Limit: 41847.2 fibers/cu meter (5 fibers)
Asbestos Summary
Fiber Bundle Cluster Ma

Structure Conc. (structures/cu meter)
Chrysotile 251083.3 426841.6 175758.3

Amphibole 0.0 0.0 0.0

Mass Concentration (ng/cu meter)
Chrysotile 20.16 210.95 119815.53

Amphibole 0.00 0.00 0.00

TOTAL ASBESTOS STRUCTURES:
Structure Concentration B53683.1 (structures/cu meter)

Mass Concentration 120046.63 (ng/cu meter)

Analyst 7m i -SW Date _é. /3'_3 /ié

trix

0.00

C0G1i33
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Med-Tox Associates, Inc. 1227 Morena Blvd San Diego, CA 92110 (é1%9) 276-B843

ROY F. WESTON, INC.

120 HOWARD ST.,5.420 SAN FRANCISCO,CA 415-543-50%9

GARY A. FLOYD

Job Number : 5112

Sample Number : TADOé

MT Number : 10443

Date : JINE 23,1984
Description : COPPERDPOLIS, CA

Total Area Scanned

Magnification : 20000 x
Area of Original Filter : 8.55 sq cm
Area Ashed 4.28 sq cm
Dilution Factor 1.00

Area of Membrane 2.01 sq cm

Volume of Air

Total number of structs 118
Detection Limit : B349.4 fibers/cu meter (1 fiber)
Reliable Detection Limit: 41847.2 fibers/cu meter (5 fibers)
® % FIBER # #
Chrysotile Amphibole Indeterminant
Total Number of Structures Counted 30 ] 1
Percent Total Structures z3. 0.0 0.8
Total Structure Concentration 251083.3 0.0 8349.4
(structures per cubit meter of air)
Total Surface Area 134917.9 0.0 3976.9
(sq um per cubic meter of air)
Total Mass Concentration 20.16 0.00
(ng per cubic meter of air)
Structures > 5.0 um length Counted i 0 0
Percent Structures > 5.0 um length 0.8 0.0 0.0
Struct Concentration > 5.0 um length B36%.4 0.0 0.0
(structures per cubic meter of air)
Length geo. mean 1.3645 0.0000 3.0000
standard deviation 1.3405 0.0000 0.0000
Diameter geo. mEan 0.0585 0.0000 0.0500
standard deviation 0.0835 0.0000 0.0000

23940.0 sq um

2.004 cubic meter

TEM DUANTITATIVE ANALYSIS
(AIR)

Nonasbestos

S
4.2

41847.,2

13374.8

8.0

1.1933
0.6262

0.0758
0.0871

0GC1i34
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Med-Tox Associates, Inc. 122% Morena Blvd San Diego, CA $2110 (419) 274-8843

ROY F. WESTON, INC.

120 HOWARD ST.,S5.4Z0 SAN FRANCISCO,CA 415-543-50%9

BARY A. FLOYD

Job Number : 5112
Sample Number : TADD4
MT Number : 10463
Date ¢ JINE 23,1984

Volume of Air

Total number of structs 118

2.004 cubic meter

Description : COPPEROPOLIS, CA

Total Area Scanned :  23940.0 sq um
Magnification : 20000 x

Area of Original Filter : B.55 sq cm
firea Ashed : 4.2B sq om
Dilution Factor : 1.00

Area of Membrane : 2.0l sqgem

Detection Limit

TEM QUANTITATIVE ANALYSIS
(AIR)

B369.4 fibers/cu meter (1 fiber)

Reliable Detection Limit: 41847.2 fibers/cu meter (5 fibers)

Total Number of Structures Counted
Percent Total Structures

Total Structure Concentration
(structures per cubic meter of air)

Total Surface Area
(sq um per cubic meter of air)

Total Mass Concentration

(ng per cubic meter of air)
Structures > 5.0 um Tength Counted
Percent Structures > 5.0 um Tength
Struct Concentration > 5.0 um length

(structures per cubic meter of air)

Length geo. mean
standard deviation

Diameter geo. mean
standard deviation

Chrysotile

o1
43.2

426841.6

848651.7

210.95

41847.2

2.2798
2.1704

0.1207
0.1678

# % BUNDLE * #
Amphibole Indeterminant
0 4
0.0 3.4
0.0 33477.8
0.0 64450,3
0.00
0 0
0.0 0.0
0.0 0.0
0.0000 1.572%
0.0000 1.2210
0.0000 0.1682
0.0000 0.2029

Nonasbestos

8367.4

10648.8

0.0

1.2000
0.0000

0.3000
0.0000

GeC135
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Med-Tox Associates, Inc. 1229 Morena Blvd San Diego, [A %2110 (81%) 276-8843

TEM QUANTITATIVE ANALYSIS
(AIR)

ROY F. WESTON, INC.
120 HOWARD 5T.,5.420 SAN FRANCISCO,CA 415-543-5099
BARY A. FLOYD

Job Number : 5112
Sample Number : TADOS
MT Number : 10443
Date : JUNE 23,1984

Description : COPPEROPOLIS, CA
Total Area Scanned :  23940.0 sq um
Magnification s 20000 x
Area of Original Filter : B.55 sq em
Area Ashed : 4.2Bsq cm
Dilution Factor : 1.00
Area of Membrane : 2,01 sq cm
Volume of Air : 2.004 cubic meter
Total number of structs : 118
Detection Limit : 8349.4 fibers/cu meter (1 fiber)
Reliable Detection Limit: 41847.2 fibers/cu meter (5 fibers)
% # CLUSTER * #
Chrysotile Amphibole Indeterminant
Total Number of Structures Counted 21 0 4
Percent Total Structures 17.8 0.0 3.4
Total Structure Concentration 175758.3 0.0 33477.8
(structures per cubic meter of air)
Total Surface Area 2104841.2 0.0 13825.1
(sq um per cubic meter of air)
Total Mass Concentration 119815.53 0.00
(ng per cubic meter of air)
Structures > 5.0 um length Counted é 0 (]
Percent Structures > 5.0 um length 5.1 0.0 0.0
Struct Concentration > 5.0 um length 50216.7 0.0 0.0
(structures per cubic meter of air)
Avg Length  geo. mean 0.0000 0.0000 1.3774
standard deviation 3.9804 0.0000 0.4384
Avg Diameter geo. mean 0.2110 0.0000 0.0795
standard deviation 0.9493 0.0000 0.0307

000136

Nonasbestos

8349.4

5291.5

4.0000
0.0000

0.0500
0.0000

000136



Med-Tox Associates, Inc. 1229 Morena Blvd San Diego, CA 92110 (419) 274-BB43

PHASE CONTRAST EQUIVALENT
(AIR)

RDY F. WESTON, INC.
120 HOWARD ST.,S5.420 SAN FRANCISCO,CA 415-543-5099

GARY A. FLDYD

Job Number : 5112

Sample Number : TADDé

MT Number : 10463

Date s JINE 23,1986

Description : COPPEROPOLIS, CA

Total Area Scanned :  23940.0 sq um
Magnification : 20000 x

Area of Driginal Filter : 8.55 sq cm

Area Ashed : 4.28 50 cm
Dilution Factor : 1.00

Area of Membrane :  2.01 sq cm
Volume of Air : 2.004 cubic meter
Total number of structs : 7

Detection Limit : 0.00B4 fibers/cc (1 fiber)

Reliable Detection Limit: 0.0418 fibers/cc (5 fibers)

Structure Concentration (structures/cc)
for
Structures )= 5.0 um length &
)= 0.3 um diameter

Fiber Bundle Cluster
Chrysotile 0.0000 0.0147 0.0418
Amphibole 0.0000 0.0000 0.0000
Indeterminant 0.0000 0.0000 0.0000
Non-Asbestos 0.0000 0.0000 0.0000

TOTAL ASBESTOS STRUCTURE CONCENTRATIONS:
Asbestos Structures/cc 0.0584

Non-Asbestos Structures/cc 0.0000

Matrix

0.0000

000137

000137



Med-Tox Associates, Inc. 1229 Morena Blvd San Diego, CA 92110 (é19) 274-BB43

TEM QUANTITATIVE ANALYSIS
DATA LISTING
(AIR)

ROY F. WESTON, INC.
120 HOWARD ST.,5.420 SAN FRANCISCO,CA 415-543-5099
GARY A. FLOYD

Job Number : 5112
Sample Number : TADD6

MT Number 1 10643

Date : JUNE 23,1986
Description : COPPEROPOLIS, CA

Field 8  structure # type  diameter length # of fibers crossing? ID  truelen.

i i bun 0.05 4.00 5 no c
1 2 bun 0.05 1.30 2 no 4
1 3 bun 0.10 2.30 2 no c
1 q bun g.08 2.50 2 no 4
i S fib 0.05 1.00 no 4
| é fib 0.05 1.50 yes i 3.00
1 7 clu 0.30 4,50 12 no c
1 8 bun 0.05 1.00 2 no (4
1 9 fib 0.05 2.00 no n
1 10 bun 0.10 2.80 3 no [ 4
1 11 fib 0.05 180 no n
1 12 bun 0.05 2.00 4 no C
1 13 {fib 0.10 0.40 no n
1 14 fib 0.05 1.00 no (4
1 15 clu 0.10 1.50 3 RO i
i 16 fib 0.05 1.40 ) no n
1 17 clu 0.10 2.00 5 no i
1 i8 bun 0.30 1.80 S no 4
1 19 fib 0.10 2.80 no (3
1 20 fib 0.03 0.30 no c
1 21 clu 0.05 1.00 3 no c
1 22 §ib 0.04 2.00 no 4
1 23 fib 0.05 2.00 no 4
1 24 bun 0.08 2.20 3 no 4
1 25 clu 0.80 6.00 20 no t
1 26 £ib p.08 3.00 no 4
1 27 fib 0.05 1.20 no 4
| 28 clu 0.05 4.00 2 no n
1 29 bun 0.80 3.00 20 no C
1 30 bun 0.20 1.80 2 no 4
1 31 31'] 0.20 0.80 é no (4
1 32 fib 0.20 0.80 no n
1 33 fib 0.05 2.00 no c
i 34 cly 0.05 2.80 2 no £
1 35 bun 0.40 2.70 10 no 4
1 34 bun 0.30 1.40 B no 3 :
i 37 bun 0.40 1.40 8 no C GCC 138
1 3B fib 0.50 4.00 no E
2 1 clu 0.15 4.40 ? nn -
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1229 Morena Blvd San Diego, CA 92110 (619) 276-BB43

Med-Tox Associates, Inc.

TEM QUANTITATIVE ANALYSIS

DATA LISTING

(AIR)

truelen.

ID

crossing?

length # of fibers

type diameter

structure #

Field &

¢eCia

.lt.l.l::t:::c::c:cr—r-.lCf-f-.s-.-f-r-f-f-:::c:cc::cc:.lnc:tccctc
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Med-Tox Associates, Inc. 1229 Morena Blvd San Diego, CA 92110 (41%) 274-8BB43

TEM QUANTITATIVE ANALYSIS
DATA LISTING
(AIR)

Field #  structure # type  diameter length # of fibers crossing? ID  truelen.

3 2 bun 0.05 2.00 2 no c
3 3 bun 0.20 1.40 4 no (4
3 4 fib 0.05 0.90 no (4
3 ] bun 0.10 1.50 2 no i
3 é fib 0.08 3.20 yes 4 6.40
3 7 {ib 0.05 1.00 no 4
3 8 bun 0.50 7.00 10 no c
3 9 bun 0.0e 3.50 2 no 4
3 10 fib 0.05 1.00 no €
3 11 fib 0.05 0.40 no 4
3 12 clu 0.20 3.50 12 no c
3 13 bun 0.08 2.80 2 no [ 5
3 14 bun 0.15 6.00 4 no c
3 15 bun g.10 2.20 s no 4
3 16 bun 0.50 4.50 15 no c
3 17 bun 0.08 2.10 2 no (4
3 18 clu 0.10 4.00 3 no C
3 19 bun 0.60 13.00 20 no c
3 20 bun 0.15 1.20 2 no c
3 21 bun 0.08 3.40 3 no 4
3 22 bun 0.10 2.20 3 no c
3 23 bun 0.05 0.80 2 no C
3 24 clu 2.00 6.80 50 no 4
3 25 clu 2.00 5.00 50 no (4
3 26 fib 0.05 0.80 no 4
3 27 bun 0.10 1.20 2 no £
3 28 fib 0.05 1.00 no 4
3 29 fib 0.05 0.80 no c

00C140
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. 4_h-L Ln..a..._: LN THOMAS V. DAGENHART

ASSOCIHIATES INC Laboratory Monage

* Chemist-Mnerglog'st * Elechon Wzieszog ot
OZCUFATIONAL AND ENVIRONMENTAL HEALTH SERVICES 1mmmu\0_mueo.c‘anrlmmv}z.‘mtu.ﬂ'-'}sa‘.-:’t:!

QA/QC for Asbestos Analyses

For all analyses the laboratory adheres to established EPA and NIOSH
methodes ps the most basic foundation of quality control and to ensure
comparnbility of data to established databases. For each analytical
method further QC procedures are detailed below,

Fhase Contrast Microscopy (PCHM)

Accurncy of PCM analyses is evaluated by participation in the
National Institute for Occupational Safety and Health Proficiency
Analytical Testing (PAT) program. Additional accuracy checks include
interlaborntory comparison of results on real samples and
intralsboratory comparison of results between different analysts.

Precision of PCM analyses is determined by blind replicate analyses
on 102 of samples.

Blank levels are determined on field blanks and lab blanks which
number 10X of the total samples.

Polarized Light Microscopy (PLM)

Accuracy of PLM analyses is evaluated by participation in the
Environmentnl Protection Agency Bulk Asbestos Quality Assurance
Program. Additional checks on accuracy include interlaboratory
comparison of results on real samples and intralaboratory comparisons
between different snalysts. Our lab also maintains a reference set
of bulk aabestoes samples including UICC asbestos standards and
samples collected from various U. S. mines by our staff. Our bulk
standards have been analyzed by benchmark mineralogical techniques
including electron microscopy and x-ray diffraction and are superior
to standards available commercially.

Precision of PLM analyses is determined by blind replicate analyses
on 10X of samples.

Contamination of bulk samples is controlled by ensuring that only
qualified personnel collect the samples in approved containers.

Transmission Electron Microscopy (TEM)

Accuracy of TEM analyses is evaluated by analysis of National Bureau
of Standards, Standard Reference Material #1876 (asbestos fibers on
air filters). Additional checks on accuracy include spiking filters
with known aqueous asbestos standards to check asbestos mass
concentrations and to verify proper identification of asbestos
mineral Bpecien. Interlaboratory and intralaboratory analytical
comparisons on real samples also play & fundamental part in our QC
program.

Precision of TEM analyses is determined by blind replicate analys:s

on 5% of samples. - = :

: 000140.001

. Blank levels are determined on field blanks and lab blanks which
number 10X of the total samples.

000140.001
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ASSOCIATES. INC

OCCUPATIONAL & ENVIRONMENTAL HEALTH SERVICES

1225 Moreno Bvz » 5o Diegz Calitoria 62140 o (019} 2765843

TUSTIN

FORMULA FOR CALCULATING AIR VOLUMES REQUIRED
DURING ASBESTOS MONITORING

gk g . xd ey
F a = 1000 C

f = minimum number of fibers to achieve a statistically
significant detection limit, e.g. 10 fibers for PCM and 5
fibers for TEM

F = number of fields counted, e.g. 100 fields for PCM and 10

fields for TEM

A= effective collection area of originn£ filter, e.g. 385 mm2
for 25 mm diameter filter and 855 mm“ for 37 mm diameter
filters

am= area of microscopic field of view, e.g. 0.00785 mmZ for a

properly calibrated Walton-Beckett graticule (PCM) and
0.0072 mm? for a TEM grid square

C= fiber concentration of desired detection‘limlt. e.g. 0.01
fibers/cm>
V= minimum air volume which must be sampled to achieve desired

detection limit (result in liters if above units are used)

Worked Examples:

for PCM 10 385 . 1 1. |
100 X 5.00765 7000 Sa01 ~ 0D Mters
for TEM 3 385 g1y b 2674 11ters

10 © 0.0072 “ 1000 " .01

If you have any questions concerning variables in the above equation,
please feel free to call me.

Tom Dagenhart
San Diego Lab Manager

00C141
BRANCH OFFICES

PLEASANT HILL SEATTLE

000141
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